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The purpose of this monograph is the presentation, in detail, of the 
photisms of a synesthete, and the interpretation thereof in the light of 
various theories of synesthesia and of classifications into synesthetic 
types. 

The nomenclature concerned with synesthesia is confusing. Various 
terms frequently designate the same phenomenon, and again a single 
word is used by various writers with diverse meanings. So far as was 
possible, I have attempted to adhere to a terminology generally under- 
stood. The concept sensation-form as a substitute for quality is used 
to permit an analysis of the qualitative elements of photisms. 

The case to be considered is a pronounced case of color synesthesia 
with tones as primary stimulus. D. is now a girl of twenty. The obser- 
vation of her synesthesiae extends over a period of ten years. She was 
available for testing at practically any time and replies were checked and 
rechecked many times. Both paternal grandparents were musical, the 
father also. Maternal heredity is neutral. Synesthesia was present in 
the grandfather, whereas the father has no synesthesia but a very pro- 
nounced number-form. A brother shows average musical talent and no 
synesthesia. D. showed pronounced musical talent at an early age. At 
eleven years she gave a public piano recital, one number of which was 
an original sonata. She was graduated from high school at 16.0 years, 
standing in the very superior group. She is gifted with a vivid imagina- 
tion in all sensory fields and is of a sensitive nature, very susceptible to 
any sense impressions. Her synesthesia consists of a pronounced case 
of color-hearing. 
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THE ASSOCIATION THEORY 


The association theory explains synesthesia as the operation of 
chance associations. For the sake of clearness, a distinction must be 
made between extrinsic and intrinsic association. Extrinsic associations 
account for a tone-stimulus producing an image of a certain concert 
hall or the smell of a certain harbor. Intrinsic associations account for 
the linking of low tones with dark colors, high tones with light colors; 
agreeable tones with sweet tastes, disagreeable tones with bitter or sour 
tastes. The difference is in the chance conditions and individual varia- 
tion of the extrinsic and the common bases and individually non-varying 
conditions of the intrinsic associations. Without this distinction or a 
similar one, it is impossible to analyse synesthesia, as we find it in the 
case here studied, into its components. 


Among the investigators attributing synesthesia to chance associa- 
tions of earliest childhood are Nordau, Steinbriigge, Kaiser (73), 
Schenckel (128), Hug-Hellmuth (71). To the associationists belong 
also Dessoir, Flournoy, Heming, Sokolow, Volkelt. 


The reality of extrinsic association may be granted without question. 
It is a form of the law of contiguity and forms the basis of association 
as generally understood. If A calls up B, A and B, according to this 
law, have been experienced together at some previous time. A compo- 
sition may be heard in a room with many scarlet hangings. The associa- 
tion of the piece and scarlet may then be created. A “flat” lowers, 
depresses a tone, a “sharp” raises or brightens it, the association between 
“flats” and melancholy or dreaminess, “sharps” and brightness may thus 
be created. Into this class fall such associations as: parlor—honey on 
bread ; Chopin—green leaves in the Spring; violin—light brown, color 
of wood; Edgar—boiled eggs; piano tones—black and white; horn— 
yellow or golden; Beethoven’s Lenore—red-black clouds; Dh major—a 
river with the smell of a harbor; a certain tone—a red handkerchief in 
the kitchen; fancy—cold Boston Baked Beans; S—jolly; d—gloomy; 
E—pink, because “pink was my favorite color in childhood and my name 
begins with E” ; and many others reported by various investigators. 


Such associations, though probably present to some extent in all 
synesthesiae, are not true synesthesiae. They are common to all indi- 
viduals, are a form of the general law of association, and their pres- 
ence cannot be offered as an explanation of synesthesia unless we accept 
synesthesia merely as association. Cases in which the reactions do not 
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show anything else than such associations are not synesthetes. On the 
other hand, since the associations are general, a necessary part of all 
normal consciousness, every true synesthete will have also some of these 
associations. Frequently their operation makes the analysis of the true 
synesthesiae more difficult. A pupil, for example, may associate C with 
red. But a particular C on a piano on which the practice is done may 
produce a poor tone. An emotional association between C and an un- 
pleasant color may thus interfere with the true synesthesia and modify 
the reactions. It is probably on this account that deviations in the 
reactions of even the most pronounced and complete synesthesiae occur, 
but these do not destroy the presence of the underlying synesthetic prin- 
ciple which remains entirely in the sensorial field and accounts for the 
relative rarity of this type. 

Objections to the extrinsic association theory are: 

1. A pupil getting the first auditory-instrumental associations at the 
piano would develop not the spectral color, but a black and white key- 
pitch association, since this color scheme is constantly present to sense 
when the instrument is played. 2. The tones, in cases of real syn- 
esthesia, call up colors alone, shifting fields of color, not the colors of 
the keys, sky, curtains, pictures, or other definite, external objects. Nor 
does questioning enable the synesthete to trace the colors to external 
objects. Were extraneous association responsible for the synesthesia, 
the color would not uniformly be dissociated from the object responsible 
for the color, unless the color of the object had been the most vivid of 
its attributes, which in many instances it is not. 3. Especially in the 
case of octave synesthesia, each tone could scarcely have been associated 
so definitely with a fixed color; in D.’s case C with red, D with green, E 
with yellow, F with orange, G with blue, A with purple, B with brown. 
Such definiteness could hardly result from a chance association of a 
certain pitch with a certain colored object. There remains, of course, 
the possibility that an imaginative child, prompted by similarities of the 
tone and the color series, early decides to associate each tone with a 
color, proceeding to give each its color as whim or chance decides. Thus 
the C major triad, C—E—G may consist of the three primary colors 
of the Kindergarten, red—yellow—blue, as it actually does in D.’s case; 
or, early playing with colored letter-cubes may cause letter-color associa- 
tion. Another subject would work out a different association. A closer 
study, however, of the form and quality of photisms (see Quality of 
Photisms) disproves this theory. The photisms resemble, far too 
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closely, the sensations produced by nerve stimulation along the nerve, 
other than peripheral. 4. Such comments of D. as “vibrato makes it 
shinier,” “harmonics are purer than normal tones,” “the colors con- 
stantly shift and intertwine,” “I seem to see the color inside my head” 
point to a direct neural correlation. 5. New stimuli (instrumental 
timbres not heard before) give rise to new photisms when the experi- 
mentor has controlled extraneous influences. Associations with objects 
could not function in these cases. 6. D. could not react synesthetically 
to colored objects. Frequently, on walks and in the home, when well- 
marked colored objects, flowers, leaves, butterflies, papers, furniture 
and so on, were met, D. was asked what tone they suggested. The 
answer was almost invariably “none.” However, when colored glass 
was placed close to the eyes and the subject seated before a white wall, 
the colors at times definitely suggested tones. These facts indicate that, 
at least in the case of D., the extrinsic association theory cannot explain 
the synesthesia. 7. Since extrinsic association is constantly at work— 
we are all receiving visual impressions, normally, with auditory—syn- 
esthesia should be a much more frequent phenomenon, and the rather 
definite line between true synesthetes and others would be obliterated. 
This, however, is not true. Galton (26) found synesthesia in but 3 per 
cent of the general population; Calkins (26) found it in between 6 per 
cent and 15 per cent of college students. Moreover, true cases of syn- 
esthesia stand out so prominently from the non-synesthetic cases that 
the assumption of fundamental differences is forced upon us. 8. Lack 
of fusion likewise argues against the association theory. If extrinsic 
association functioned, knowledge that blue and red yield purple would 
cause purple to be imaged when red and blue (C—G) are sounded. But 
in D’s case it was not imaged. Moreover, the visual presence of a green, 
when blue and yellow are sounded, fails to merge the two colors into a 
green, all three remaining in consciousness. 

Intrinsic associations are those resulting from similarity in the 
sensorial material of the various senses: dark colors with low tones; 
high tones with sharp touches; soft tones with pale colors; agreeable 
tones with agreeable tastes or smells. The reality of these associations is 
amply shown in the later analyses of pitch, intensity, duration and emo- 
tional tone. Since they are primarily based on what I have termed 
sensation-form, (sensorial similarity in quality), they are common to 
all individuals. The fact that not all persons readily give proof of this 
association results from the typical difficulty of introspection, especially 
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in comparing sense material of one department with that of another, 
and individual differences in richness and facility of association. In- 
trinsic association is a more important element of synesthesia than 
extrinsic. It is present, in some form, in practically all cases, even the 
pronounced sensorial type. But, if it alone were responsible, we could 
not have the wide individual variations in the sensory data which are 
unmistakably revealed when the synesthesiae of various reactors are 
listed. These variations are strikingly shown in the tables given under 
The Vibration Theory. 

Many investigators have assumed that all synesthesia is such an 
association, and, when not, that it is of the extrinsic type. Although a 
few instances can be so traced out, there are other features which fall 
beyond both intrinsic and extrinsic association fields. 

These reasons do not exclude extrinsic and intrinsic associations as 
factors in, or phases of, synesthesia. Even in the most marked cases 
these elements may operate; but they do not explain the basic principle 
of synesthesia. 


Wheeler and Cutsforth (146) advanced an explanation which, although it can 
scarcely be called associative, yet falls under such a general class since it does 
not consider synesthesia other than a normal type of mental reaction. Langfeld 
(82) summarizes their findings as follows: “Synesthesia is not due to an organic 
condition of the brain, such as a ‘tangling of the fibres’ but rather it is a normal 
and essential function for the subject, a cognitive process differing in no respect 
from any other process of meaning.” 

Against this theory we have the evidence of synesthetes that, until 
their attention is called to the phenomenon, they were not aware of its 
presence. And if it were a normal process, the complete inability of 
normal persons to give evidence of it could not be explained. 

This interlacing of associative factors has resulted in various classi- 
fications of synesthesiae. 

Flournoy divides them into four classes: induit objectivé, localisé, imaginé, 
pensé. If the first two are combined we have approximately the classification of 
Jaentsch, pointed out by Wellek: sensory, imaged, thought (Wahrnehmung, 
Vorstellung, Gedanke). 

A second classification proceeds from the analytic-synthetic viewpoint : 

1. Tone-color = simple-simple = analytic-simple 

2. Tone-complex — color = complex-simple = synthetic-simple 

3. Tone — color-complex = simple-complex = analytic-complex 

4. Tone-complex — color-complex = complex-complex = synthetic-complex 
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Wellek presents the following classification : 

1. Double-sensation (sensation + sensation) 

2. Sequence-image (sensation + image) } with peripheral stimulus 

(Folge-Vorstellung) 

3. Sequence-sensation (image + sensation) 

(Folge-Wahrnehmung ) without peripheral stimulus 

4. Double-image (image + image) 

The basic condition of synesthesia is in the sensory-sensory type. 
This type covers specific tone-color bonds (such as E = yellow) and 
taste-color bonds (such as sweet = blue, bitter = orange-brown, salt = 
dull-red). 

The case of D. belongs primarily to the photisms of the first group 
of any of these classifications. Although the remaining classes are 
present to some degree in her synesthesia, the present analysis is con- 
cerned chiefly with the sensory aspect: the direct tone-color synesthesia. 


THE DEGENERACY THEORY 


The short step from the abnormality of synesthesia to a possible 
pathology has, of course, not escaped attention and accounts for the 
presence of the degeneracy theory, sometimes called the “atavistic” or 


evolution theory. 

Benedict (17) warns against observing the phenomenon since we cannot know 
what consequences might result. Hilbert (68), Bleuler and Lehmann (23) point 
out that synesthesia may be a form of atavism since there is a level in the develop- 
ment of animals at which no sense differentiation takes place. Nordau, quite 
characteristically, looks upon it as a type of degeneration (eine Art von Entartung). 
Pierce (119) quotes Myers as follows: “Their (synesthesiae) origin may, per- 
haps, be ascribed to the persistence of a primitive stage in the differentiation and 
elaboration of sensations and in the development of their functional interrelation.” 
Neiglicki and Benedict (17) regard synesthesia as pathologic; while Chabilier, 
Urbantschitch (138) and Baldwin (12) consider it physiologically normal. 


It is not difficult to point out the fallacy in this theory. In the first 
place, it is in conflict with the general findings that synesthetes are 
typically intelligent, cultured and sensitive. Of hundreds of cases ex- 
amined, this association of intelligence, sensitivity or imaginativeness 
with synesthesia is constantly pointed out by investigators. 


Galton (26) writes: “Synesthetes are apt to be imaginative, introspective, shy 
and sensitive. They frequently have talents along musical and artistic lines. In a 
surprising number of cases the subject is described as very intelligent.” He con- 
siders the fact established that synesthesia is not a mental abnormality in a degen- 
erative sense. Evidence of this imaginative phase is furnished also by the fre- 
quency with which synesthesia occurs among musicians, whose auditory area would 
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be maximally developed. Scriabin, Weber, Wagner are a few of many examples. 
Chalupecky (29) points out that synesthetes are rich in imagination and are 
artistic. 

In the second place, atavism or degeneracy is a general phenomenon 


sensorially, spreading over a considerable physiological area, hence it 
would produce an undifferentiated mass of co-sensations, whereas true 
synesthesia is conspicuous in its fine definition, its acute differentiation 
of color and pitch, taste or smell. A general lack of differentiation 
would be equivalent to the convulsive reflexes, such as are induced by 
strychnine. If senses reacted similarly, multiple response and wide 
diffusion would result, a condition directly opposite to that found in 
synesthesia. It is for this reason that the theory of Stohr, found in 
Winkler (149), cannot hold. He assumes a general nerve conduction in 
which sensations occurring in periphery reach central neurones and 
thence again various peripheral organs. If this were a general plan, 
synesthesia would exist among all organs and for all persons. This 
criticism applies as well to Chalupecky’s explanation: that synesthesia is 
the result of a hyper-sensitivity of the entire cortex, rather than a cor- 
tical hyperasthesia. Such reactions would result in a general transfer: 
almost any tone or tone-mass, for example, would awaken a vague 
conglomeration of visual stimuli since the stimulus would affect a con- 
siderable part of a cortical area. 

The opposite extreme view as to the abnormality of synesthesia is expressed by 
H. Werner (144): “Synesthesia is in no sense merely an exceptional curious man- 
ner of perception (Wahrnehmung) but stands, instead, central in the problem of 
the development of perception itself.” 

Wallaschek finds in synesthesia the origin of instincts, a conception which, like 
the preceding, is definitely opposed to the degeneracy theory, and considers the 
phenomenon a normal, or better, modal reaction. 


THE COMPENSATION THEORY 


According to the compensation theory, synesthesia is the shift from 
a defective sense department into a better developed one. A defective 
hearing, for example, causes the subject to shift images into the visual 


field, if this be better developed. 

Pierce (118) found the hearing in his subject defective; Downey (44) found 
taste defective; “taste of bitter, which showed the most defectiveness, was the one 
most definitely accompanied by color.” Myers (107) reports a synesthetic subject 
hearing a minor third, a minor sixth and a major second as one tone, hence we may 
infer poor auditory discrimination. Hug-Hellmuth, herself a photismic synesthete, 
is described as very unmusical. (The synesthesiae listed in her case, however, 
belong to the associative class, hence do not affect sensorial acuity.) 
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It is not safe, however, to infer from this transfer the relationship of 
cause and effect. We cannot safely say that because a sense is defective, 
synesthesia transfers the sensations to a more highly developed sense- 
department in order to improve the reactions of the subject. Numerous 
examples can be quoted in which both sense departments are very highly 
developed. Conspicuous among these is the case of the Nussbaumer 
brothers, one of whom, especially, had a remarkably fine sense develop- 
ment. And, in the case of D., auditory, color and kinesthetic sensations, 
measured by various tests, are decidedly superior, and sensory acuity 
in smell and taste is at least normal; in fact, these senses, too, point to 
superior acuity. Edward Grasse, the blind violinist, rates his hearing 
and smell as his two most highly developed senses. Yet, all his syn- 
esthesiae occur between the two and are mutually reactive. Numerous 
investigators have called attention to the fact that synesthetes, instead of 
showing sensory inferiority, show a characteristic superiority, for ex- 
ample, the numerous cases of colored-hearing among musicians. 

Furthermore, from the pronounced preponderance of photisms (see- 
ing colors when tones are objectively present) over phonisms (hearing 
tones when colors are objectively present), we should have to conclude 
that audition is uniformly less developed than vision. This rules out the 
many cases of synesthesia present among musicians whose auditory 
sense would naturally be the most highly developed. The validity of the 
theory of compensation between sense-departments is opposed also by 
the deterioration of synesthesia with age. If synesthetic transfer were 
a cognitive process, a mnemonic shift or support, practice in the given 
field would necessarily result in a strengthening of the synesthetic bond. 
But this is not generally true. In the case of D. in spite of daily asso- 
ciation with tones (many times for five or more hours per day) the 
synesthesia became vaguer from year to year, a fact voluntarily com- 
mented on by her during the tests made in 1932. 

It follows, therefore, that we cannot accept the compensation theory 
as an explanation of the phenomenon of synesthesia, since too many 
exceptions exist of undoubted high sensorial development in the primary 
sense department. 


THE PSYCHOANALYTIC THEORY 


It was natural that the psychoanalyst should trace synesthesia to the 
sex experiences of childhood ; thus Hug-Hellmuth (71), Pfister (115), 
Hitschmann (142) and later Sadger (142). The explanations, so far 
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as the data given make analysis possible, belong to the extrinsic associa- 
tion type, and, apart from the improbability of the associations, do not, 
in any case, fall into the sensory types of true synesthesia, since they 
postulate an original simultaneous experience—even though only a 
single experience—between primary and secondary member. 


THE VIBRATION THEORY 


The frequency with which color synesthesia repeats itself in octave 
form has resulted in the formulation of what may be called the vibra- 
tion theory. According to this theory the waves of the solar spectrum 
are multiple frequencies of those of the tonal octave. If 24n, 27n, 30n, 
32n, 36n, 40n, 45n and 48m are frequencies in a tonal scale of one octave 
range, then a multiple (m), producing 24nm, 27nm, 30nm, etc., would 
give the frequencies of the colors corresponding synesthetically to the 
tones. This hypothesis is at the bottom of most of the attempts to 
construct a color-scale paralleling the tonal scale. The theory itself is 
fascinating, and much time has been expended in developing an art of 
color-music based upon this or similar relationships of frequencies. 

In synesthesia, however, the actual photisms recorded vary to such 
an extent that the theory is entirely untenable apart from the fact that 
the ratios among the light frequencies differ too widely from the scale- 
tone frequencies. Taking the mid-point of the wave-length ranges as 
given by Listing we have: red 6850, orange 6160, yellow 5800, green 
5335, blue 4735, indigo 4395 and violet 4105. Reducing these to the 
lowest terms: 1370, 1232, 1160, 1067, 947, 879, 821. Reversing the 
order for frequency (since frequency varies inversely as wave-length) 
we have 821, 879, 947, 1067, 1160, 1232, 1370. A diatonic tonal scale 
with a key-note of 821 would give 821, 924, 1026, 1095, 1232, 1368, 
1540, 1642. 

On the other hand, the following closely parallel series has been used 
to prove the frequency agreement and to establish a common tone-color 
scale. Assuming the frequency of brown as 760-770 and placing this 
equal to 1, the approximate mid-points of the solar scale would be: 
red-1.123, orange-1.246, yellow-1.331, green-1.493, blue-1.655, violet- 
1.868. A pure diatonic scale whose tonic is I becomes 1.125, 1.25, 1.33, 
1.5, 1.67, 1.87. But if such an agreement operated in synesthesia, then 
all synesthetes would have the same distribution of colors and synes- 
thesia would be a phenomenon common to all. 
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Neither is true. There is practically no agreement in the photismic 
scales of synesthetes. Table 1 is a list of the tone-color associations 
recorded by various investigators. (The numbers following names are 
bibliographical references. ) 


TABLE 1 
Tone-color Associations 


Cc D E F A B 
Colman (35) blue navy blue yellow brown white black 
Anschiitz (10) pale reddish pure red brilliant yellow 
blue brown white brown yellow’ _ired 
white 
Preyer (10) brown red orange yellow blue violet 
Hauth (31) blue yellow 
Chalupecky (31) yellow bright pale grey dark black 
red green brown 
H. Hein (65) rose green brown violet green yellow 
D. (—) red green yellow orange purple brown 
Myers (107) brown vermilion 
to pink 


Another table (142) recording the synesthesiae of ten subjects follows: 
5 as white, 3 as red 
2 as grey, I as red, 2 as coffee color 
1 as blue, 1 as coffee color, I as grey, 2 as green 
3 as yellow, 2 as blue, I as green 
3 as green, 3 as blue, 1 as red, 1 as yellow 
4 as grey, 3 as blue 
3 as yellow, 3 as blue, 1 as coffee color, 1 as clear blue 


A similarly disparate distribution has been found for vowels: Colman (35). 
In twenty-one cases the frequency distribution was as follows: 


black red blue brown yellow purple white grey green 

shades shades 
AH 7 6 
EH 2 
EE o 
OH I 
2 


0O 4 


The total lack of agreement in these color-scales definitely rules out 
the vibration theory as an explanation of synesthesia. Investigators 
have long been aware of this lack of agreement. Its undoubted reality 
constitutes a difficulty which the proponents of the vibration theory can- 
not overcome. 
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THE EMOTIONAL-TONE THEORY 


An explanation of synesthesia has also been sought on the basis of 
common emotional tone. Pleasant tones would awaken pleasant color 
images, and vice-versa. 

Thus Bleuler and Lehmann (23) conclude: “delicate, pleasant odors and tastes 
make pleasant, little saturated colors.” Calkins (28) says: “Color associations 
with music are often accounted for by an emotional middle term. When I hear 
that which produces pleasurable emotion, I immediately prolong this by seeing those 
colors which would produce the same emotion.” And later: “I am naturally fond 
of red, which forms the foundation of my musical association, intensified into black 
and etherealized into pink ; mixed with blue, for the passionate purple and bothered 
with yellow to make the sullen and bitter discord of vermilion.” Smith (130) 
reports a subject: “‘S’ is jolly, companionable, ‘D’ is gloomy and unfriendly. 
Kindly letters are yellow and red; those not fancied, are blue and purple.” Mer- 
cante likewise explains synesthesia on a ground of common affective tone. Chalu- 
pecky reports a girl subject of six years reacting as follows: pleasant (good) 
milk: yellow; bad milk: brown; sweet milk: light blue; when too sweet: dark blue. 

Such remarks show clearly that a common emotional ground can 
account for some phases of synesthesiae. They constitute examples of 
intrinsic association since the emotional tone of a stimulus is an integral 
part of the quality and can be traced to the sensation-form. But emo- 
tional tone cannot be accepted as an explanation of the principle of syn- 
esthesia, since ample proof of its failure to operate in many cases can 
be deduced. 

In the case of D. it was impossible to get her to array the tones of a 
scale in a feeling-tone distribution. She found it impossible to say that 
any isolated tone (in the middle pitch region and at mf intensity on 
various instruments) was more or less pleasant than any other tone. 
Nor do I know of any case where a feeling-tone preference for a certain 
pitch exists. (The extraneous associations with key-signatures and so 
on do not enter here). D. was reasonably positive in arraying the colors 
on a basis of pleasantness. Using the colors of Prang, Chart IV, the 
order of most pleasant to least pleasant was: I-green, 2-blue, 3-purple, 
4-red, 5-orange or yellow. Repeated testing after intervening periods 
of several months yielded the same distribution. Yet repeated trials to 
find a similar tone-preference were useless. Even with suggestive ques- 
tions D. failed to record any preference. On a purely sensorial basis, 
therefore, the emotional tone theory does not operate for this subject. If 
emotional tone did originally help to fix the synesthesia, its absence later 
in the field (auditory) in which D. is constantly at work, would be 
difficult to explain. 
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Similar results were obtained when tone-combinations and color- 
combinations were tried. D. found no great difficulty in combining 
other colors with a standard color in a feeling-tone series. Repetition of 
the test disclosed some small variations, shifts of one or two degrees in 
the scale, but not variation in the extremes of the series. The figures 
upon which Fig. 1 is based are averages of several tests. Tonal intervals 
were similarly listed. Arranged in the order of most pleasant to least 
pleasant they were: major third, minor third, major sixth, minor sixth, 
perfect fourth and perfect fifth, major second and minor seventh, minor 
second and major seventh. A series of intervals was counted on the 
basis of color pleasantness. Thus various major thirds were taken as 
most pleasant tonally and their color equivalents in pleasantness found 
(C—E, for example, is red-yellow with pleasantness 3). Other inter- 
vals were similarly compared. The result is given diagrammatically in 
Fig. 1, in which the color column is an average of the various intervals 
counted. 


Colors wre 
/ 











Fic. 1 


The most pleasant tone combination (1) is linked by D. synesthet- 
ically with a color combination whose pleasantness is between third and 
fourth. The tone combination sixth in tonal pleasantness is linked with a 
color combination third in pleasantness. 
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Complete positive correlation in Fig. 1 would result in a series of 
horizontal lines, complete negative correlation in diagonals connecting 
the end-points. The results, shown in Fig. 1, prove absence of any 
correlation between the emotional character of color combinations and 
that of the tone combinations corresponding to them in this synesthesia. 
Moreover a single interval, such as a minor third, is in colors sometimes 
first in agreeableness (orange and green) and at another time last 
(purple and brown). Here the same tone stimulus awakens extremes of 
color feeling-tone in its synesthesia. Again, a perfect fifth, which D. 
classifies near the mid-point of the feeling-tone scale, awakens color 
images which are first in the scale for blue and green, second for purple 
and yellow, third for yellow and brown, and last for orange and red. 
Here the same tonal interval arouses color combinations that embrace 
the entire scale from most pleasant to least pleasant. A similar distri- 
bution was found for the major second. It ranked first in pleasantness 
for C—D (red-green), third for G—A (blue-purple) and fifth for 
A—B (purple-brown). So far, therefore, as specific feeling-tones are 
concerned no correlation exists between the sensation and its synesthetic 
image. 


It does not follow from this, however, that no emotional correlation 
exists between the ear series as a whole and the eye series as a whole. 


For D. all the colors red, green, yellow, orange, blue, purple, brown are 
per se pleasant or rather, none is unpleasant. The same feeling-tone 
distribution exists for all isolated tones, at moderate pitch and moderate 
intensity (111). Accordingly, synesthesia, in a broad sense, may contain 
as one of its elements a common emotional background. If this be true, 
pleasant sounds would be associated with pleasant sensations in other 
sense departments and vice-versa; unpleasant sensations would awaken 
unpleasant images. If we grant that possibility, we should expect to find 
synesthesia present in each individual, since feeling-tone is an attribute 
of all normal sensations. Moreover, synesthesia would not be restricted 
to any two sense departments for any individual, but would spread to 
all sense departments containing pleasurable or non-pleasurable ele- 
ments. Thus a pleasant color, let us say green, would awaken not only 
a tone, but perhaps the taste of sugar, the feel of velvet, the smell of 
arose. This spread, though frequently found, is not characteristic of 
true synesthesia, which is invariably very specific and limited when com- 
pared to the innumerable associations that may function on a basis of 
common emotional tone. At the same time it may be, and probably is 
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present, in cases of true synesthesia as a secondary factor; and, on this 
basis, feeling-tone belongs to the class of intrinsic associations. 


In the case of D. both tones and colors emotionally-toned. However, 
as we have seen, the emotional-tone does not determine her synesthesia. 
In fact, it frequently is in opposition to it, yet the synesthesia is suf- 
ficiently pronounced to maintain itself in spite of, or perhaps better, in 
disregard of, the emotional-tone. This not only rules out emotional-tone 
as a cause, but also fixes the cause as stronger than the bond of emo- 
tional-tone. 

THE SENSATION-FORM THEORY 


By sensation-form (111) I mean the impression upon consciousness 
of the simultaneous effect of transtensity, intensity and protensity; 
transtensity being the number, area or distribution of end-organs af- 
fected, intensity the degree to which they are affected, and protensity the 
length of time they are affected. The simultaneous presence of these 
three attributes gives the “quality” of the sensation. A tone of moderate 
pitch, moderate intensity and moderate duration thus has a sensation- 
form or quality equivalent to a touch of moderate skin area, moderate 
pressure and moderate duration, and a color of moderate saturation, 
brightness and duration. A short pin-prick becomes the equivalent of a 
bright spark and of a very short, high tone. The theory gains support 
through the association (very pronounced in the case of D.) of pitch 
with color, according to which minimal color effects at either end of a 
sensorial series increase into maximal effects near the middle of the 
series. In regard to pitch, most saturated colors would be found near 
the middle pitch region, whereas very low or very high tones would 
arouse little or no color images. (This must not be confused with the 
brightness attribute which increases to the highest pitches.) This rela- 
tionship is a marked characteristic of synesthesia. 


A subject of Wells (143) describes the lowest piano tones: “like toast soaked 
in hot water; the middle regions sweet, like licorice, banana; the high tones thin, 
insipid taste.” Myers (107) reports: “256 vib. gives clear blue; 400 clear purple; 
700 no definite color, perhaps light green; 1200 might be yellow, very translucent; 
above 2050 faint green or yellow green; above 6000 colorless.” Myers (108) for 
another subject: “8oo vib. light blue; 1200 whiter—a silvery grey; 600 vib. rich 
dark Prussian blue; 1200 halfway between blue and white; 256 brown; 500 rosy- 
brown; 1000 very light blue; 1200 blue shading into grey; 4000-12000 getting more 
and more colorless; below C, (the lowest full octave on the piano) the subject 
found it hard to give color at all.” Smith (130) reports: “highest tones are light; 
medium, dark, lowest, black.” Hug-Hellmuth’s own synesthesia links high tones 
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with bright colors, low tones with dark colors. In lower octaves brown to black; 
in middle octaves ascending, blue (dark to bright) in the highest octave yellow. 
Colman (35) “notes altered in brightness by being played higher or lower.” Hein 
(65) concludes that lightness of color is equivalent to height of pitch. He found 
that in passing from g-d’ to c’-g” (several octaves) the frequency of red and violet 
remained the same; blue showed a slight decrease; black and brown, a marked 
decrease; green, a slight increase; yellow, a marked increase; and white, a very 
marked increase. Ginsberg (53) reports a subject whose synesthesia, in order of 
lowest tones to highest tones is: “black brown—brown—dark red—light red— 
blue—green—green blue—cold blue—dull grey—silver grey—dull silver.” Hein 
(65) reports a subject whose color synesthesia with ascending pitch was: “black— 
brown—blue—violet—red—-grey—yellow—white.” Pierce (119) describing a case 
of gustatory audition with a tin whistle as source of sound: “a clear, sweet flavor 
like Christmas candy or sugar and water. The higher the note, the less pronounced 
the sweet.” Sweetness, here, is the equivalent of color in vision; and tastelessness, 
such as of pure water, corresponds to the “colorlessness” of very high tones. 
Further evidence of the effect of pitch on synesthesia is found in distributions such 
as the following: soprano voice—light blue-yellow ; tenor—medium blue; baritone 
—dark blue; bass—brown to black. Mudge (106) writes: “high tones are equiv- 
alent to bright colors ; low tones, to dark colors.” 

In the case of D. there can be no doubt of the association of black- 
ness with low tones and of whiteness with high tones. Thus, on the 
piano, C,—black and red ; C#,—no color—perhaps a hint of green ; D,— 
green, very dirty, almost black ; E—no color, very dirty orange or yellow 
perhaps; F,—orange and blue, dark; A,—dark purple; C—dirty red; 
D—rather dark green; F—deep orange and blue; A—a pretty purple; 
C'—a beautiful red; F’—very pretty orange; B*\—pretty brown; C?— 
red, nearing pink; E*—pretty yellow; A*—lavender; B?—light brown; 
C*—dark pink; G*—sky blue; B*—real light tan; C*—pink; F*—no 
color; G*—real light blue; C’—the lightest pink, almost without color, 
water. This series has been checked repeatedly (over a period of ten 
years with long intervals between) without any variation in the associa- 
tion of lowest tones with black, low tones with dark colors, medium 
pitched tones with rich colors, higher tones with pale colors, and highest 
tones with no color. It holds also for tones produced on other instru- 
ments. As an additional check we have D.’s reactions to such combina- 
tions as the lowest C, C$; C, Dp, D; D, E, F, on the piano. According to 
the sensation-form theory, the high discordancy plus the extremely low 
pitch should cause blackness (or absence of color) to predominate. D.’s 
reply to such combinations was always: “no color, much too dirty.” 


The frequency and definiteness of the correlation between pitch 
and color brightness points to it as one element of synesthesia. But we 
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must still make some distinction between the “dirtiness” of dissonance 
and that of low pitch. In dissonance the colors are distinct but dirty, 
in low pitch the colors themselves give way to a blackness. The equiva- 
lency of dirtiness and dissonance may, of course, result from the un- 
pleasant emotional tone common to both. 

There is, however, a distribution found occasionally that differs from 
that just described. 

Ginsberg (53) reports a synesthesia as follows: “range of colors runs from a 
brown-black through a deep brown for the contra and the great octaves, then red 
and orange red for the small octave, red for the one-lined octave, through yellow- 
green, blue-green, green and green-blue for the third octave above middle C.” In 
this case there is a fair correlation of pitch with the brightness of the spectral 
colors. This brightness, as established by Fraunhofer and Vierordt (153) shows 
an increase from red through orange to yellow and a decrease from yellow through 
green, blue-green, and blue to violet. The color distribution of Ginsberg’s reagent 
contains an element of the black of low tones. This explanation, however, does not 
agree with that of Ginsberg. He interprets the distribution as follows: “As the 
tones run through a series of lighter, less massive and more tinkling, so, too, the 
colors run through a series from dark, heavy colors to lighter and lighter ones, 
until grey is reached.” 

According to this description, Ginsberg must react to the green and 
blues as brighter than the yellow-green. If so, the synesthesia must 
contain an element other than spectral-brightness. It probably is pitch- 
brightness as a result of which the spectral-brightness is modified, so 
that a decrease in spectral-brightness (from yellow-green to green-blue) 
becomes an increase in brightness because the pitch frequency has been 
increased and this results in an increase in color brightness. That is 
to say the general distribution does show (in spite of Ginsberg’s remark 
that “the list shows not a very close, if any, resemblance to the spec- 
trum”) an agreement in passing from the reds to the orange and yellow- 
green to the blue. The presence of pitch brightness, however, cuts across 
the spectral brightness and explains the steady increase in brightness 
with pitch-ascent. 


Intensity 


A second attribute of sensations is intensity. According to the 
sensation-form theory, synesthesiae may be partly explained through a 
common intensity factor. Pale colors become the psychological equiv- 
alents of weak tones, and saturated colors become the equivalents of 
stronger tones. It is an association through similarity of a sensation 
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attribute. Data on this phase are not as comprehensive as they should 
be for analysis. 


Bleuler and Lehmann (23) conclude that bright photisms result from high- 
pitches, intense pains and sharply defined touches. Louder notes give more ex- 
tended photisms. Hug-Hellmuth (71) reports: “As a rule weak tones are washed 
out (verschwommen), strong tones dazzling (grell),” and later, “piano and forte 
weaken and strengthen the colors.” English (47) reports an interesting intro- 
spection of a young child: “Soft music is yellow, loud is black, moderately loud is 
blue. Soft music is yellow because when you mark with yellow crayon on paper 
you can’t see it very well, but when you mark with black, you can.” Here intensity 
contrast determines the association. Similarly in the case reported by Azoulay 
(12) who saw a white light every time she heard a sudden voice in the dark. 


The reactions of D. to variations of intensity were as follows: 


For tones on the violoncello: 
bp mp mf f 
# red, watery brighter red still brighter red very bright red 
Fg orange brighter orange still brighter orange very bright orange 
B brown brown brighter brown still brighter browa 


For violin: 
blue little deeper blue deeper blue richer still 
red richer red richer red richer still 


For piano: 


bp p mf f F 


c real dirty red slightly still a little alotofbrightred alot of bright red 
darker red darker and lot of black and lot of black 


yellow-green a little more yel- still more yel- still more yel- 
a little black more color low green low-green low-green 


bright blue- more color slightly beautiful bright _real brilliant 
light darkerblue blue blue 


real light tan, more color more color more color more color but 
no black not brilliant 


very, very more color more color more color more color but 


light pink not brilliant 


* D. at this point was asked: is there any black in what you see? 
See also Fig. 2. 
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A swell on the organ “increases the clearness of the color.” A cre- 
scendo and diminuendo on a reed organ, for middle C (c’) yielded the 
following analysis: “It is as if taking a piece of pink tissue paper and 
adding one sheet after another of the same color; dwindles away as if 
water were poured over the color, fading it.” (The crescendo on the 
instrument was abruptly broken; it was at these points that the addi- 
tional “sheets of paper” were added. Later experiments with a steady 
increase in tonal intensity lacked this “sheet” addition. It then was “like 
pouring in more paint.” ) 

Additional experimentation with low tones resulted in an increase 
of both color and of black with an increase of intensity. Brilliance in the 
colors for very high tones could not be obtained even in the loudest de- 
grees. The absence of brilliance for very high pitches results from the 
minimal amount of color present at that pitch range. A further distinc- 
tion between intensity and pitch effects was given by D. as follows: 
“Diminishing in intensity casts a veil of grey over the color. Rise in 
pitch makes the color lighter, but does not weaken the clearness of the 
color.” 

From these data we may infer that, at least in the case of D., an 
increase in tonal intensity is accompanied by an increase in all elements 
of the photism. As the low C on the piano increased in loudness the 
red increased, but so did the black. That is to say, the individual pitch- 
color synesthesia increased in clearness, and the black-white—low-high 
association likewise increased in clearness. The color of the particular 
tone became more “saturated” but at the same time the darkness charac- 
teristic of all low tones became more pronounced. Thus Df: “The 
louder you play it, the more black and the more yellow and green it gets 
in it.” It was impossible to get “brilliance” in low tones no matter 
how hard the low keys were struck. 

From D.’s reaction and the reactions of the other cases cited, an 
association of tonal intensity and color-saturation seems certain. 

The sensation-form theory also explains why vowels produce syn- 
esthesia more frequently than consonants; tones more frequently than 
noises, an observation made by practically all investigators. Consonants 
and noises are irregular forms of vibration, vowels and tones are regular 
forms. The regularity sets up a “standing” sensation-pattern. There 
is a distinct relationship between purity of color and purity of tone— 
here again the sensation-forms would be similar and may act as basis 
for the association. It explains also Tiek (23): “The flute tone is a 





THEORIES OF SYNESTHESIA 173 


smooth blue, that of the violin has sparkle and shininess.” (Sparkle 
and shininess in the case of D. result from rapid changes in the elements 
of the stimulus. ) 

The sensation-form theory thus accounts for two general attributes 
of all synesthesia: common intensity degree, resulting in the linking of 
weak tones with veiled colors, loud tones with saturated colors and com- 
mon transtensity, (if we accept the extensity theory of pitch), resulting 
in the linking of low tones with darkened colors, high.tones with bright- 
ened colors. Moreover, since such attributes as saturation could not be 
obtained for very high tones, brightness for very low tones, physio- 
logical response is evidently more limited as we approach the end of a 
sensorial series. But the theory does not explain the sensory aspect of 
individual synesthesiae, such as C with red, G with blue. 


Protensity 


Data dealing with the duration aspect of synesthesia are relatively 
scant. In D.’s case the photism was clearly sensed about two-thirds of 
a second after the beginning of the tonal stimulus (piano). Shorter 
tones than those of this duration aroused no photism. For all rapid 
passages, therefore, D. did not have any photisms. The presence of 
other tones and the characteristic diminuendo quality of piano tones 
reduced the clearness of the photisms still further. Accordingly, D. 
never spoke of them during normal work at the piano. 

The time-lag between the beginning of the primary stimulus and the 
photism is greater than the latent time of typical reflexes. This varies 
with the particular reflex, but rarely exceeds one-half second (154). 
Accordingly, the psycho-physiological mechanism involved in synes- 
thesia is not entirely that of the reflexes. It indicates a less completely 
or definitely established neural pathway, looser connections, greater 
resistance or greater latent time or both. If we assume a loose inter- 
lacing of fibres, and at the same time one not serving a purpose in the 
sustenance of the organism (which is true of synesthesia), we can 
account for the deterioration of the phenomenon with age. This deteri- 
oration is characteristic also of D.’s synesthesia. In this absence of 
physiologic function is a difference between the sensory-reflex of syn- 
esthesia and the typical efferent reflexes. 

The persistence of the photism, in the case of D., after the primary 
stimulus had stopped was somewhat shorter (about one-half second) 
than the initial lag. “It does not stop immediately with the tone, but 
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stops somewhat faster than it starts.” This “after image,” if it may so 
be called, is independent of the original length of stimulus. So long as 
the primary stimulus maintains itself the photism exists. But a long 
stimulus (twenty seconds) did not create a more vivid photism than a 
stimulus of one second. And the after-lag of the photism was no longer 
for a long auditory stimulus than for a short one. The same constancy 
held also for intensity : the lag was just as short (about one-half second) 
for a loud stimulus as for a weak stimulus. The typical differences in 
color “depth” described under Intensity hold, of course, but do not 
affect the after-lag. 

If the primary stimulus was steadily maintained the usual photism 
resulted. If, as on the piano, the pitch was rapidly repeated D.’s descrip- 
tion was: “It’s like an electric light that suddenly glows, then dims, then 
suddenly glows.” (The piano tone has a characteristic diminuendo, 
consequently a series of a rapidly repeated pitch becomes a series of re- 
peated intensities with each repetition, with diminuendi between. The 
photism, therefore, would reflect these intensity fluctuations. ) 

The protensity or duration aspect of synesthesia, therefore, offers 
no item that cannot be explained by the sensory-reflex theory. In fact, 
it supports the theory in the close agreement between the primary stim- 
ulus and the sensory character of the photism. 


Quality 


The simultaneous presence of the three sensation elements we have 
just considered : transtensity, intensity and protensity, produces the qual- 
ity of the sensation. However, there remain certain modifications of 
quality which can best be treated without analysing them into their three 
components. Among these are the timbres of the various musical instru- 
ments, the phenomena of beats and of vibrato. 

Myers (108) found that increasing the richness of a tone by adding overtones 
results in a “rise” in the color of the tone. Whipple (147) reports a subject who 
heard “Melba’s voice as green, Nordica’s as colorless.” Hug-Hellmuth (71) finds 
that synesthesia is most frequently concerned with vowels, not consonants. (Vowels 
are relatively pure compared with consonants; the vibration-form for vowels is 
more steadily periodic than that for consonants.) This investigator also finds 
“Sympathetic voices blue-grey to steel-blue ; unsympathetic (kreischende Stimmen) 
red-yellow. (The German term kreischend is equivalent to “rasping,” hence rich 
in high, dissonant partials. ) 

In the case of D. I tested the effect of quality on her synesthesia 
under controlled conditions with the following results. One of the 
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strings on a piano was tuned so as to produce beats with the remaining 
two strings. The key used was Eb. Her reply was “a yellow-green 
changes in brightness.” When she was asked: “It’s like a shimmer, 
same as vibrato,” she replied: “Oh, no! There is no gloss, merely a dif- 
ference in brightness.” The beats (about 6 per second) here produce 
an intensity effect, each beat resulting in a brighter yellow-green, with 
a paler color between the maximal beat-points. (This is interesting 
proof, if this were needed, that beats are an intensity variation.) 

The vibrato, which is a slight shift of pitch, occurring normally 
from 5% to 6% times per second (155) had, in the case of D., the effect 
of adding “gloss” or “oiliness” to the color. Tested for voice, violin and 
violoncello the reaction was: “When the vibrato stops, the oiliness of the 
color is gone. When the vibrato begins again the oiliness or glossiness 
comes back.”’ The beat phenomenon, on the other hand, is not a pitch 
variant, but an intensity variant. When the beats are very slow (one or 
two a second) there is present only one color saturation at a time, paral- 
leling the plus and minus phases of the beats. When the beat-rate 
reaches 5 or 6 per second, the photism carries simultaneously the two 
degrees of saturation, producing a “mottled” field of a fundamental 
chroma but two degrees of saturation. (A similar phenomenon, so far 
as pitch is concerned, is the vibrato, which is not reacted to as a change 
of pitch when the rate is about 6 per second.) 

Before attempting to analyse this reaction—since vibrato is a slight 
pitch fluctuation—it is advisable to learn what happens to the synes- 
thesia with slight changes in pitch. For this purpose a set of Stoelting 
tuning forks were used: a standard of 435 and the following: 436, 437, 
438, 440, 443, 447, 452, 458 and 465. D.’s replies were as follows: 

S. lavender; 436: “lavender,” up to 447, with no change in color; 
at 453: “lavender, purple but something added; don’t know what it is.” 
458: “purple and brown”; 465: “brown and purple.” This range is 
approximately a half-tone, which is considerably more than the pitch 
change of a typical vibrato (155). Accordingly, within a vibrato (less 
than this) there is either no color change, or a shift from one color to 
another and back again. In no instance of vibrato was a mention of two 
colors made. 

In this relation between a fixed range and color we are confronted 
with a problem. The pitch distance C to C# is equal to that from C to 
B. Yet C does not awaken brown, whereas C# does awaken green (D). 
Again, E (yellow) does not stimulate F (orange), nor does F (orange) 
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stimulate E (yellow). But F%, which bears the same pitch relationship 
to F as F does to E, does awaken F (orange) and G (blue) as well. 
Accordingly, the singly-named tones (C, D, etc.) seem to be synes- 
thetized with single colors (red, green, etc.) whereas the modified names, 
Cz, Eb, etc., awaken both adjoining colors. Since there is no physio- 
logical basis for choosing C at 256 v. d. it is scarcely possible that these 
frequencies should have their simple physiological associates and the 
others, double associates. If we use the piano, the instrument with 
which D. has grown up, each white key awakens a single color; the 
black keys, with two exceptions, awaken two colors each. (The two 
exceptions arouse a color-blend: Df, a yellow-green; Ab, a blue-violet.) 
This points strongly toward an extraneous association basis. The two 
exceptions, however, cannot be ignored. Ab should produce two colors, 
but it does not; it produces a single color: a blue-violet; D# should 
produce green and yellow, but it produces a yellow-green. 


Instrumental Timbre 


Effects of instrumental timbre on the specific nature of the synes- 
thesiae have been pointed out by most investigators. Some of these 
must be omitted here because the authors do not give the precise pitch- 
range of the tones used. Consequently, it is not possible to determine 
whether the color differences result from timbre or from chance pitch 
differences. Calkins (28) says: “The tone of a violin (blue) is very 
pleasurable, and blue is my color for my happiest moments.” Hence, 
she develops the violin—blue association on the basis of common emo- 
tional-tone. 

A second form of timbre synesthesia results from the operation of 
extrinsic association. Pianoforte tones are black and white, because the 
keys producing the tones are black and white. Violin tones are “wood- 
brown,” the tones of brass instruments yellow or golden. The associa- 
tion here is obvious and needs no further consideration. It is a case of 
extraneous associations and explains many apparently synesthetic 
reactions. 

Hug-Hellmuth (71) reports the following reaction: Violin: like the piano but 
with a blue background (Unterton). Horn: a blue-green background. Organ: 
black, violet, dark-blue. Harmonium: like the organ, but with a pronounced brown 
background. Starr (133) reports: Violin: red; clarinet: reddish yellow; piano: 


low notes black; high notes clear; guitar: blue-purple; banjo: almost like violin, 
but darker. 
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D.’s reactions to the various instrumental timbres all showed the 
characteristic and definite pitch-color synesthesia and, in addition, char- 
acteristics peculiar to certain instruments. The tuning-fork tones are 
described: “When faint they are like rainbow colors, when louder they 
become clearer, like the prism colors we have in our Christmas garden.” 
Tones of the piano (middle pitch range) are: “clear and pretty, not 
quite so pure as the prism colors.” Tones of a reed organ: “All these 
colors are muddy, none of them is clear; as they get higher they get 
lighter and a little clearer than the low ones.” Tones of stopped organ- 
pipes (the tone from such a source is relatively pure, free from over- 
tones, hence similar to tuning fork tone): “None of these colors is 
really pretty.” (All these pipes were near enough for the subject to 
hear the hiss of air against the lip of the pipe; this noise element robs 
the tone, hence the synesthetic color, of its purity or clearness.) A 
series of organ pipes, all tuned to middle C (256 d. v.) yielded the 
following : 


major flute: a hideous red—light grey all over. 

gross flute: a hideous red—tiny bit clearer. (There was less hiss.) 

melodia: red, with grey over. 

gedeckt: red, with grey over. Tone seems watery. 

violin diapason: dirty red. 

gamba: dirty red, no gloss, dry. 

viola: dirty red, dry. 

dulciana : oh! that’s a pretty red! clearest and prettiest you have had; 
some gloss. 

clarinet : the red is the same (as dulciana) but streaky. 

vox humana: red, a little glossy. 

oboe: very ugly red. 

orchestral oboe: a streaky red. 

cor anglaise: a very dirty red, dry, not at all glossy. 

trumpet: plain, dirty red. 

French horn: rather pretty red. 


The tones of an oboe produced colors all of which were “dull, lacking 
in clearness.” When various pitches were tried on an organ the char- 
acteristic pitch—color scale appeared but during the testing D. remarked 
several times: “All the organ tones seem to have a purplish haze about 
them.” Thus, low Ff: orange and dirty violet; A below middle C: pure 
violet (here the “background” color reénforced the original violet). 
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When E was given through four octaves, from low to high: “All yel- 
lows shading from dark to light and covered with a purple haze.” 

There is, in the case D., a close agreement between purity of tone 
and purity of color. A tone free from noise elements produces a color 
of spectral purity. When a pure tone (stopped organ pipe) is accom-: 
panied by the hiss (noise of tone-production) the purity of color is 
destroyed and the typical dirtiness of color results. But purity here 
does not mean absence of overtones, but absence of irregular vibra- 
tions. The piano tone, for example, is fairly rich in overtones but the 
colors seen by D. are, next to the tuning-forks, the purest. The stopped 
organ pipe tone is relatively free of overtones, yet the colors seen are 
“muddy.” Accordingly, pitch clearness and color purity are correlated. 
Elements, such as the beating of a reed and the hissing of a column of 
air (all noise elements) impoverish the color. 

The purplish haze and the “grey” spoken of in connection with the 
organ tones are probably the beginning of the colorless region resulting 
from noise-elements. The “haze” was vague; nor could the subject 
definitely say that it was always present. “It seems to be a purplish 
haze.” The fact that with all light shut off from the retina the sensation 
we get is not black but rather grey, or in some cases, purple (the retinal 
purple) leads me to believe that the various “ground-tones” (Unter- 
tone) may be modifications of the retinal-light phenomenon, and as such, 
are outside the problem of primary synesthesia. 

If periodicity of vibration is the determinant of the purity of the 
synesthetic color, we have an explanation of the greater frequency with 
which vowels awaken synesthesiae as compared with consonants. For 
vowels are more “tonal,” (frequency periodicity) than consonants. A 
pure tone sets up in the inner ear a fixed stable response; a pure color 
sets up in the retina a similar uniform response: spectral green, for 
example, is a one-ness, not divisible into hues or brightnesses of vary- 
ing degree for any single unchangeable presentation. 

On the same basis the introduction of noise-elements will destroy 
the purity of the synesthetic color, because noises are non-periodic vibra- 
tions, and non-periodicity in color-vision means that the vibration 
periodicity of the spectral colors is mixed with the non-periodicity 
(colorlessness) of the noise-elements, resulting in an admixture of grey. 

This phase of synesthesia, therefore, is based upon maintenance of 
the sound pattern or of its equivalent sensation-form. When spectral 
blue, for example, strikes the retina, waves of a single, constant length 
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are acting. A “dirty” blue means the admixture of rays of other lengths 
so that the retina is being simultaneously stimulated by more than one 
wave-length. In fact if we assume grey to consist of a type of wave 
causing continuous variation in retinal response (as distinguished from 
the response to spectral colors) we should have the visual equivalent 
of the noise-element in audition. In fact, since white is a composition 
of the seven spectra! colors, might not the greys be the reaction to a 
superposition of various combinations of these. And even black, which, 
with colored glass, can be produced by superimposing green and red in 
normal light intensity. 

Chalupecky (29) reports that when the complementary color was 
physically presented while the subjective color was present, black re- 
sulted. This, however, does not hold for the reactions of D. 

Similarity of sensation-form thus explains why pure tones produce 
pure colors, impure tones (noise-elements plus tonal elements) produce 
“dirty” colors. It explains, in the case of D., why a tuning fork C 
produces a “pure” red; it does not explain, of course, why the color is 
red instead of blue, or green, or any other color. It can also account 
for more complex reactions such as those described by Schubart in his: 
Die Charakteristtk der Tonarten. “Innocence and simplicity are ex- 
pressed by uncolored tones. Soft, melancholy feelings with flats, wild 
and passionate, with sharped tones.” 

It offers a plausible explanation of certain word-forms which con- 
note fundamental qualities in various sensory fields. The Chinese have 
a single word for red, warm, bitter; another for black, cold, salty; an- 
other for yellow, wet, sweet ; and one for white, dry, sharp. The Malays 
call grey: sweet black; true black they call bitter black. 


THE SENSORY-REFLEX THEORY 


The theories thus far enumerated all fall short of explaining the 
basic or sensorial nature of synesthesia. The theory that shows the 
greatest promise and that has found the greatest number of supporters is 
known by various names: physiological theory, Verrirrungs-theorie, ir- 
radiation theory, neural theory, to which I shall add, as somewhat more 
accurately descriptive of the neural processes involved, the name of sen- 
sory-reflex. This term defines itself; it differs from the usual concept 
of reflex in the omission of a motor member, and the substitution there- 
for of a secondary sensory member. The pitch C, for example, does not 
cause a reflex movement, but causes a sensation of a color: red, green, 
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etc., the inevitableness, simplicity and singleness of which have all the 
characteristics of a reflex. In other words, in such synesthesia the 
secondary sensation need never have been objectively present with the 
primary sensation. (This is a necessary condition for sensory associa- 
tive types.) 


Among the investigators advancing the sensory-reflex theory, or some form of 
“crossing of fibres” are: Donath (43), Downey (44) Steinbriigge (18) writes: 
“Either a stimulus leads from one neural path over into another, or it oversteps 
the specific cortical area.” Thorp (136) thinks that fibres of the auditory nerve 
reach out, in intercerebral space, among fibres of the optic nerve. Chalupecky (29) 
points out the fact that certain cortical areas are not widely separated and are 
connected with nerve fibres. Occasionally, therefore, it is possible thus to cause 
mutual stimulation. This view coincides with the central irradiation theory of 
Nuel. Quincke (123) sees in the secondary perceptions an expression of the 
exceptionally manifold linking (Verkniipfung) of the cerebral ganglionic cells. 
Hilbert (68) admits the possibility of a connection (Uberspringen) between the 
cortical areas themselves. A similar view is held by Urbantschitsch (138). Pierce 
(118, 119) also leans toward a physiological explanation. 


Considerable support of a sensory-reflex explanation is furnished 
by certain facts of physiology. The reality of the sensory-motor arc is 
established. But it is known also that a sensory stimulus, resulting in its 
cortical activity, may, in its passage to the cortex, stimulate motor 
neurones without the sensation producing consciousness thereof. And, 
conversely, a single motor impulse may distribute itself over various 
sensory fibres or areas. The fact that reflex acts affect glands as well 
as muscles is evidence that the reflex arc is not restricted to a sensory- 
motor path though it does remain a stimulus-effector path. A modified 
example of a sensory-sensory path is furnished by the axon-reflex, 
which is, probably, a peripheral reflex taking place wholly through the 
sensory nerve fibres or through such fibres in connection with the small 
peripheral sympathetic ganglia. In such cases the stimulation of the 
sensory fibres sends an impulse back to the periphery in the reverse of 
the normal direction. This is known as the antidromic effect. Again, 
there are fibres in the optical tract that pass along the posterior border of 
the chiasma, which seem to belong to the auditory path, rather than the 
visual. Moreover, the nature of the nerve impulse, the difference in 
afferent and efferent fibres, artificial trunk-stimulation, all lend sup- 
port to such a theory (154). With such facts already established, con- 
nections between specific sensory fibres of one cortical area and those of 
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another proximate area—but not mass connection—is an assumption that 
deserves serious consideration. 

The following objections have been advanced against the sensory- 
reflex theory : 


1. Persons not originally synesthetic can associate perceptions of 
various sensations and thus develop synesthesia, which would not be 
possible on a pre-established physiological irradiation basis. 

2. The irradiation could not be sufficiently definite to account for the 
specific character of synesthesia. A similar difficulty exists in account- 
ing for the prevalence of tone synesthesia and the rarity of syllable 
synesthesia, both of which are auditory. 

3. Synesthetes are often unaware of the phenomenon until their at- 
tention is called to it. This does not point to a forcible (zwangmiassige ) 
or definitely established connection. 

4. Since it is just as easy to link tones with objects or other things as 
it is with colors or tastes, the same process (extrinsic association) prob- 
ably operates in both cases. 

5. If cortical activity depends upon the number and the dendritic 
development of nerve fibres, the law of exercise would make it possible 
to develop synesthesia at will, by elaboration of the dendritic interlacing 
(154). This is, apparently, not true. 

6. Cortical areas are intimately connected (through the association 
areas) in all normal individuals. Hence synesthesia, if it results from a 
nerve-fibre connection, should be present in all individuals instead of 
being restricted to a few. 


The first objection is answered by the association theory already 
described. Such association of sensations is not truly synesthetic. The 
link becomes not sensory-sensory, but sensory-image or sensory-idea. 

The lack of definiteness of irradiation does not add a difficulty if we 
assume the interlacing to occur inter-cerebrally where the nerves of com- 
mon parlance are subdivided into their fibres so that a modified connec- 
tion between separate fibres becomes possible. 

The very fact of the secondary sensation occurring always with the 
primary (a necessary condition if synesthesia is basically physiologic) 
makes recognition of the former difficult until the attention is directed 
toward it. 

The fourth objection holds either way. It may be possible that the 
same law functions for both, but it is also possible that it does not. 
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The connection of fibres must be considered abnormal, since the 
phenomenon of synesthesia (as I have restricted it) is itself abnormal in 
that it is present in but few persons. Furthermore, it must be accepted 
as established through physiological condition and not through exercise 
on repeated stimulation since these cannot develop it. The same obser- 
vation holds for the last objection. 


In support of the sensory-reflex theory we have: 


1. The constancy of the relation between primary and secondary 
sensation. Since the secondary sensation serves no useful purpose for 
the organism it may fade out as the subject grows older. This is in 
agreement with the observed facts. 


2. The involuntary character of synesthesia points to a reflex basis. 


3. The inhibited reflexes are examples of the influence of one sen- 
sation upon another. Hence a sensory-sensory arc is not a new physio- 
logical assumption. 

4. The frequency with which synesthesia is accompanied by high 
intelligence and rich imagination, both of which demand intricate cortical 
development, points to similar neural bases. 

5. The frequency of hereditary synesthesia. The synesthesia itself 
is not an inheritable quantity, but the neural structure may be. (Four 
and five, it is true, hold also for an associative theory. ) 

6. The nature of the photisms differs from normal peripheral and 
associative stimulation. (In the case of D. this difference is certain.) 
It leaves, therefore, only stimulation along the neural path, or inter- 
cerebral stimulation. 

7. The association between the frequency of synesthesia and the 
most highly developed sense areas; in man, for example, the frequency 
of colored-hearing. This is pointed out by many investigators (Hug- 
Helfmuth, Hein, Lotze and others). 

8. The effect of drugs, such as alcohol, haschisch, and mescal, all of 
which promote synesthesia usually to a very marked degree. Since their 
action on physiological tissue is to break down synaptic resistance, a 
connection between synesthesia and absence of such resistance is prob- 
able. Hypnotism (158) has a similar effect upon the richness and vivid- 
ness of synesthesia. 
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THEORIES OF SYNESTHESIA 


THE PHOTISM OF D. 
Fusion 


In cases of auditory-visual synesthesia the phenomenon of color- 
fusion is useful in showing whether the photisms are cortical or peri- 
pheral in origin. 


Wheeler and Cutsforth, in concluding that synesthesia is a cognitive process, a 
phenomenon of meaning, make it cortical. Cutsforth (146) adds: “Synesthesia is 
not an extraneous form of association; it is essential to the cognitive activities of 
the subject.” Downey (44) describing a case of colored gustation reports: “The 
color-taste is not affected by the visual appearance of the color.” Hug-Hellmuth 
(71) writes: “They (photisms) occur simultaneously in both sense departments. 
There is no after-image, nor can they be recalled.” Ginsberg (53) finds: “There 
is no fusion of colors when tones are combined as in vision.” 

These findings point to a non-peripheral origin of synesthesia. That 
is to say the phenomenon is not merely one in which the primary sensa- 
tion stimulates the nerve of the secondary sensation, with a reversed 
current-direction. 

In order to avoid needless duplication later I give in Table 2 the 
complete synesthesiae of D. for tones of the piano. The piano was 
chosen because, next to those with the tuning forks, the photisms for 
piano tones were most marked. Consequently, they show details which 
would not be revealed by other instruments with weaker photisms. The 
piano series was given at intervals of six to eight months, for a period 
of about ten years (10-20 years for the subject), in various irregular 
sections so as to eliminate suggestions of order. In no case was any 
major variation found. The photisms and answers throughout the ten 
years reproduced themselves each time with remarkable sameness. 

This distribution throws interesting light on the phenomenon of color 
fusion in synesthesia. C is red; D is green; Ci, between the two, pro- 
duces both red and green in the photism. D is green, E is yellow; Df, 
between the two, produces, not a green and a yellow but a yellow-green, 
one color instead of two. F is orange, G is blue; Ff, between the two, 
produces both an orange and a blue, two colors. G is blue, A is violet 
(purple) ; Gf, between the two, produces one color: a blue-violet. A is 
purple, B is brown; Af, between the two, produces two colors: a blue 
and a brown. From this it seems that whenever two colors lie adjacent 
in the spectrum, they fuse in their photism; whenever they do not lie 
adjacent, they do not fuse. The spectrum gives R-O-Y-G-B-(I)-V. 
Red and green are not contiguous, but, in the case of D., they are 
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* C—dirty red; black and red 
C#—no real color; hint of green 


D—green; very dirty; almost black 


Dg—egreen; so dirty 
E—no real color; dirty orange 
F—no color; dirty orange 
Fg—orange and blue, dark 
G—dirty blue 
Gt—a blue-violet 
A—dark purple 
Ag—dark brown 
B—brown, dark 
c—dirty red 
c#—green and red, rather dark 
d—green, rather dark 
dg—a yellow-green 
e—yellow 
f—orange 
f%—orange and blue, deep 
g—blue 
g%—a blue-violet 
a—a purple, pretty 
a%—a purple and a brown, pretty 
b—brown 
c’—beautiful red 
c#’—a red and a green, pretty 
d’—green 
dt’—a yellow-green 
e’—yellow 
f’—very pretty orange 
{#’—a blue and an orange, pretty 
g’—pretty blue 
gt’—a blue-violet 
a’—pretty purple 
at’—a brown and a purple 
b’—pretty brown 
c2—red, nearing pink 
cta—green and red 


* C—lowest C on the piano. 


TABLE 2 
Synesthesiae of D. for Piano Tones 


d2—green 

dg2z—a yellow-green 

e2—pretty yellow 
f2—orange 

ft2—blue and orange, pretty 
g2—blue 

gt2—a blue-violet 

a2a—lavender 

af2—brown and purple (lavender) 
b2—brown, light 

c3—pink, dark 

cf#3—green and pink, light 
d3—green, light 

dt#3—no color; pale yellow-green 
e3—yellow 
f3—orange 

f#3—light orange and light blue 
g3—sky blue 

gi3—a blue-lavender 
a3—lavender, pretty 


at3—brown and purple, very light, more 


like tan and lavender 

b3—real light tan 

c4—pink 
c#4—pink and green, very light 
d4—green, so very light 
d#4—a real light yellow-green 
e4—real light orange; no color 
f{4—real light orange; no color 
ft4—real light blue; no color 


g4—pink, so very light; blue, real light 


gt4—no color; light sky blue, very 
a4—no color; real light pink 
at4—no color; real light lavender 
b4—no color 


c5—no color; the lightest pink, almost 


without color; water 
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contiguous in the tonal scale: C and D. The photism for C#, therefore, 
contains both colors. Orange and blue are not contiguous in the spec- 
trum; in D.’s tonal scale they are: F and G. Fd, therefore, produces 
both colors. Yellow and green are contiguous in the spectrum, also in 
D.’s tonal scale: E and D. Hence Df fuses the two and produces a 
yellow-green. If we assume indigo as a shade of violet, blue and violet 
are contiguous in the spectrum and also in D.’s tonal scale: G-A. Hence 
Gt fuses the photism into a blue-violet. 

Interpreted on the basis of vibration frequency D.’s synesthesia indi- 
cates that proximity of vibration frequency tends to produce fusion. 
Fraunhofer’s lines give as the vibration frequencies in billions per sec- 
ond: red—450; orange—472; yellow—526; green—589 ; blue—640; in- 
digo—722; violet-—790. When frequencies that are adjacent in the 
spectral series are also adjacent in the tonal series, intermediate pitches 
will be a fusion of the two colors. Thus green and yellow are adjacent 
in both the spectral (526 and 589) and D.’s tonal series (D and E, 526 
and 592). When the spectral colors are not adjacent and the tonal 
colors are adjacent, in pitch, the photism awakens both colors simultane- 
ously. Thus red and green are not adjacent in the spectrum (450 and 
589) ; but they are adjacent in D.’s tonal scale (C and D, 450 and 506). 
Hence a frequency between, such as Cf, 480, could not, on the basis of 
frequency proximity, blend the two more widely separated visual fre- 
quencies. Colors, like tones, vary directly in similarity with their vibra- 
tion frequency. A color frequency of 452 billion is a red scarcely dis- 
tinguishable from a red of 450 billion. A tone of 457 vibrations is a 
tone scarcely distinguishable in pitch from a tone of 450 vibrations. A 
half-step at this frequency equals approximately 28 vibrations and the 
vibrato pitch variation often exceeds the range of seven vibrations at 
this pitch (155). It is a characteristic of sensation to stimulate a 
“fringe” around the foveal point. That is to say the end-organs imme- 
diately adjacent to the point or points of maximal stimulation are mini- 
mally stimulated. Consequently, a stimulation at a frequency of 480, 
let us say, might “spread” sensorially to those equivalent to 450 and 506, 
but hardly to 589; or at any rate, not to 589 as much as to 506. Thus 
Ct could not awaken blue, but might arouse both red and green, the two 
nearest frequencies. Evidence of this fringe is furnished by D.’s 
reaction to the tuning forks the frequencies of which fall within a whole- 
tone interval. 
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TABLE 3 
Synesthesiae of D. for Tuning Forks 
435 lavender 
436 lavender—same color 
437 lavender—same color 
438 lavender—same color 
440 lavender—same color 
443 lavender—same color 
447 lavender—same color 
452 lavender; purple but something added; don’t know what it is 
458 purple and brown 
465 brown and purple 
“All these colors are like rainbow colors; when soft they are very faint, 
when loud they become clearer, like the prism colors in our Christmas garden.” 


Thus a range of at least 17 vibrations produces the same synesthetic 
color. Moreover, as we should expect, there is a range (452-458) at 
which both colors are seen before the first is definitely replaced by the 
second. 

Additional light is thrown on this theory by a study of D.’s reactions 
to various diads (two-toned combinations). For the sake of complete- 
ness typical reactions for all combinations are given. (Table 4.) The 
two octaves above middle C were used. The series was given in non- 


ordered sections, with periods of several months intervening. 


TABLE 4 
D.’s Reactions to Various Two-toned Combinations 


red and green mixed, ugly color 

red and green 

red and yellow-green mixed 

red and yellow 

a red-orange 

a red-orange 

red and blue; patched up together 

a red-violet 

a red-violet 

a red-brown 

a red-brown 

red 

red and green; dirty; mixed all up 

a dirty yellow-green; one color 

an orange-green; somewhat blended and somewhat separated 
none at first; upon repetition: a pale orange 
a blue-green; not two colors; a real blend 
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a blue-green; very pretty 

green, medium and pretty 

green and brown; two colors 

green and brown 

dirty red and green; mixed up 

a dirty red-orange 

pure, pretty green 

a dirty yellow-orange 

light-orange and orange and blue 

yellow and blue; not sure whether any orange is between 

yellow and a blue-violet mixed 

yellow and purple mixed 

yellow and brown and purple mixed; three colors 

yellow and a yellow-brown; both pretty colors 

yellow and red; two separate colors with some orange between 

yellow and red and green mixed 

dirty yellow-green 

yellow and a yellow-green; dirty 

yellow medium; seems like two shades, a light and a dark 

trifle yellow, orange and blue; mostly orange 

orange and blue 

orange and a blue violet; very pretty 

orange and purple; separate 

orange and brown and violet; pretty 

orange and brown 

orange and red 

orange and green and red; pretty 

orange and green 

orange and a yellow-green; ugly 

orange and yellow, but dirty 

orange; bottom a bit more brilliant than top 

blue and blue-violet, but dirty 

blue and purple; dirty 

blue and purple and brown; pretty 

blue and brown; very pretty 

blue and red. Colors in themselves are beautiful but put together not 
so beautiful. 

blue, red, and green 

blue and green, colors pretty, put together, less pretty 

a yellow-green and blue 

blue and yellow 

blue and orange; but they are not pretty; dirty 

blue and orange, but dirty 

blue; two shades 

purple and brown; not pretty 


purple and brown 
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purple and red 

purple, green, and red 

purple and green, pretty 

purple and a yellow-green 

purple and yellow 

orange and violet 

purple and orange 

blue and purple; dirty 

violet and blue-violet; not pretty 

purple, two shades 

a red-brown; dirty 

brown, green, and red 

brown and green, both pretty 

a yellow-green, both pretty 

a yellow-brown between yellow and brown on ends 
a brown-orange 

brown; orange and a little bit of blue 

brown and blue 

brown and blue-violet 

brown and purple 

brown and purple; much more brown than purple 
brown; light shades into dark somewhat 

red and green; both dirty; more green than red 
yellow-green and red and green; all ugly 

green, red, yellow 

red, green, orange 

orange and blue and red and green 

blue and green and red; pretty, clear 

red and green and blue-violet; pretty, clear 
purple and red and green 

brown, purple, red, and green 

red and green and brown; not pretty 

lot of red and green, ugly 

green and red 

yellow and yellow-green; dirty, like light khaki 
orange and yellow-green 

yellow-green and some orange and blue, speckled 
yellow-green and blue 

yellow-green and a blue-violet 

purple and yellow-green 

yellow-green and a brown violet 

yellow-green and brown 

yellow-green and red 

dirty yellow-green mixed with a speckled red and green 
dirty yellow-green and green blue 
all yellow green, two shades but one shade lighter than the other “yell 
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blue and orange; dirty 

a blue-purple and a blue and orange; three colors; dirty 

purple, orange, and blue 

brown, purple, orange, and blue 

brown and orange and blue; about twice as much brown as either 
other color 

red, orange, and a bit of blue 

orange, blue, red, and green 

green and a little orange and blue 

orange, blue, and yellow-green; pretty 

yellow and a blue-violet 

ugly shade; dirty; orange and blue 

orange and a blue 

violet and blue-violet; dirty 

brown, purple, and blue-purple 

blue-purple and brown; not distinct 

red and blue purple 

green, red, blue-violet 

green and blue-purple; not distinct 

blue-purple and yellow-green; two colors 

blue-violet ; yellow 

orange and blue-violet 

blue-violet and blue and orange; dirty. 
I can see them clearly but they are dirty. 

blue-violet and blue—very dirty 

blue-violet 

brown and purple, more brown 

brown, purple, red. Red shows more than other two; has dirty 
grey over it. 

brown, purple, green 

yellow-green; brown, purple 

yellow, brown, purple 

orange, brown, purple 

brown, purple, orange. Pretty colors, separate and blend well. 

blue, brown, purple 

brown, purple and blue-purple 

violet and blue-violet; dirty, a little brown 

brown and purple 


C and E produce, in D.’s case, red and yellow, but no orange. C, E 
and F produce red, yellow and orange. Red and yellow still remain 
distinct although their fusion, orange, is simultaneously present. E—G 
produce “yellow and blue.” D-E-G produce green, yellow and blue, the 
blue and yellow do not fuse into green. In fact the reaction to E-G is: 
“yellow and blue; I am not sure whether there is orange between” and 
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points to a partial (fringe) stimulation of the synesthetic series between 
yellow and blue, instead of any hint of green. Viewing the problem 
from the color spectrum side we find that adjacent color frequencies 
fuse, or at least tend to fuse the colors. c and f—a red-orange; e-f—a 
yellow-orange ; e-d—a yellow-green ; d-g—a blue-green. 

I have thus far spoken of physical-chemical pigment fusion: red- 
blue = purple; yellow-blue = green, etc. The absence of agreement of 
these fusions with synesthetic fusion holds also if we take retinal fusion 
into consideration. The complementary colors, fusion of which will 
give retinal white or gray are: red and green-blue; orange and blue; 
green-yellow and violet; and yellow and indigo-blue (154). D.’s syn- 
esthesia shows no such fusion. In each case the two colors remain 
distinct without giving any evidence of a third resultant. That is to 
say, when blue and yellow are superposed on the retina, white is seen. 
If the tones E and G set up, either by reversibility of neural conduction, 
or even cortically, the same stimulation, white would result. Since this 
is not the case, D.’s synesthesia cannot result from any visual super- 
position of frequencies in the retina. The same holds for any other 
theory of color-fusion we accept. Ladd-Franklin (157) fuses red and 
green radiations into yellow, not white. Accordingly, C# for D. should 
be yellow ; but it is not, it produces both red and green, and even with 
yellow present (C#-E) retains its red and green. D.’s synesthesia, 
therefore, cannot be tone-color associations based upon the typical color 
fusions. If synesthesia were associative, the fact that D.. in early child- 
hood, had the typical color fusions definitely established, would normally 
have resulted in the fixation of these associations. Her synesthesia, 
however, conflicts with these associations. Consequently, the synes- 
thetic base not only is non-associative, but sufficiently fixed to remain 
unmodified by the frequent exercise of the typical associations. 

In the case of D., relationship between the pitch and the color series 
groups into three classes: when contiguity in both pitch and color series 
is present, the colors of the photism definitely fuse into the resultant; 
when contiguity in the pitch series is present with non-contiguity in the 
color series, color fusion is absent ; when contiguity in the color series is 
present with non-contiguity in the pitch-series, both separate colors and 
a partial fusion result. 
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Association 


In spite of the definitely physiological basis of D.’s synesthesia, the 
extent to which association, intrinsic or extrinsic, functions, is difficult 
to establish. She had her first experience with letters and colors before 
synesthesia was suspected. Numerous remarks concerning other sen- 
sory fields and the higher forms of reaction have shown that in her case 
many subtle associations are at work. Her dislike of a certain blue 
and yellow is the result of an association with a headache remedy sold 
in blue bottles with yellow labels and advertised in the same colors. 
“Monday is ‘blue’ because when I was very young I remember some 
beautiful blue skies that came on various Monday mornings.” Liszt’s Db 
Etude “Waldesrauschen” is green “because of course leaves of the 
woodland trees are green.” The colors of the Autumn leaves are pretty 
because “God wants to make their death beautiful.” Her earliest home 
training even in pre-Kindergarten age subjected her to sense stimuli of 
many sorts, both parents devoting daily attention to mental stimulation 
appropriate to her age. Her acute sensory reactions favored associations 
of many kinds. The impossibility of tracing all such associations to 
their original source makes it unsafe definitely to rule out association, 
as a contributing factor, in such a case of synesthesia. 

On the other hand, the nature of the photisms (explained in detail 


later) points clearly to a physiological basis other than associational. On 
several occasions D. was asked, after naming the photism, the letter 
name of the tone. She would then ask for a repetition saying: “I did 


9 


not think of the letter name; play it again.” In these instances, at least, 
the photism had not been induced by the letter-name association. (See 
also Table 6 for further letter-color conflict.) Then, too, repeated trials 
with letter names, (D. was asked to think of a color for E, A, etc.), in- 
variably brought forth the reply: “I cannot see any color.” Even when 
the synesthetic color was suggested to her (such as blue for G) she 
would reply that she could “think the color but could not see it in any 
way like that accompanying the tone.” Table 6, moreover, definitely 
rules out the letter-name as intermediate common term; for, in this, b is 
green, c is yellow, g is red, whereas, in her tone synesthesia the colors 
are, respectively, brown, red, blue. For the same reason number synes- 
thesia is not responsible, since the numbers do not correspond with the 
colors for either letters or tones (see Table 5). 

The presence of the typical low-high—dark-bright distribution, how- 
ever, the bond between “pure” tones and “pure” colors, the interactions 
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of dissonance and dirtiness show clearly that D.’s synesthesia contains 
as an important element the intrinsic association. 

Tables 2 and 4 show, unmistakably, the effect of this association. It 
is reflected in the pitch-brightness distribution, the intensity-paleness 
distribution, the black-white—low-high series, the dissonance-dirtiness 
series, the simple-complex timbre association. This intrinsic associative 
element arrays the individualistic sensorial basis of her synesthesia in the 
orders typical of normal reaction. 

Extrinsic associations, as I have already pointed out in Fusion, do 
not function in the synesthesia of this subject. In the first place, the 
most probable extrinsic associations: white-black keyboard, pitch-letter 
name, emotional-tone associations, are not present, and in the second 
place, D. was never in doubt that, whenever such a chance association 
was discovered, it was such an association and not a photism. “Oh, no,” 
she would say: “It is altogether different from seeing the color.” 


TABLE 5 
Number Synesthesiae of D. 


I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


brown and green 

blue 

blue 

blue 

blue and yellow 

blue and red vague? 
blue and green vague? 

etc. 
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The question of attention as a factor in synesthesia has already been 
mentioned. In the case of D. throughout the long periods of non- 
experimentation, she never herself mentioned her photisms. In the 
earlier experiments, the only instructions were to “close your eyes and 
listen.” “What happens?” No mention was made of seeing anything 
or of color. Hence in these instances since the colors were readily 
named, the photism must have focussed the attention, and not the re- 
verse. Later on when D. naturally could guess what the experiment 
was for, the effect of attention on inducing the photism could no longer 
be safely determined. (See also Localization.) 

D.’s synesthesia branches out (although at 20 these phases have 
become very vague and sparse) into the number and letter field. I ap- 
pend some tables since they definitely exclude letters or numbers as 
determinants of her tone-color synesthesia and at least rule out these 
elements of association. 


TABLE 6 
Letter Synesthesiae of D. 


a. 
b. 
2. 
d. 
e. 
é. 
g. 
h. 
4 
j. 
k. 
;. 
m. 
n. 
oO. 
p. 
q. 
r. 
s. 
¢. 
u. 
v. 
w. 
x. 
y. 
.. 
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Age 


D.’s photisms show the deterioration with chronologic age pointed 
out by investigators as a typical characteristic of all synesthesia. This 
deterioration manifested itself in the tests made at the age of twenty. 
Photisms for very weak tones (readily audible, however) were no longer 
present; the same condition held for very short tones. A sustained 
tone, gradually getting softer, would arouse a photism for a time, but 
this would disappear when the tone became very weak, although the 
tone could still be heard. 

Concerning timbre, the earliest photisms to become first vague and 
then lost were those for instruments (oboe, certain organ pipes, poor- 
quality voices) originally producing “dirty” and poor colors, as con- 
trasted with the pure and rich colors of tuning forks and the piano. A 
similar deterioration took place for vowels and numbers, the photisms 
for which, in the case of D. were never as vivid as those for tones. Pitch 
likewise showed a loss of sensitivity. The highest and lowest octayes 
no longer produced photisms definitely, although pitch discrimination, 
if anything, had improved. 

Order deteriorated. At the age of fourteen D. remarked that, “I 
can hear the tones from colors almost as well as I can see the colors when 
tones are played.” At twenty the order color-tone no longer functions. 
That is to say, phonisms were absent. From the total reactions, it is 
safe to say that the phonisms probably were never as vivid and varied 
as the photisms. 

This general loss of sensitivity may result from a deterioration of 
the fibril connections with age, a natural and typical phenomenon in 
cases where such “irradiation” serves no useful purpose in the life of 
the organism. 


Localization 


Tests made with D. to determine localization of the photisms did 
not lead to conclusive results. At one time she localized them in actual 
space, seeing the higher tones—with her back to the piano keyboard— 
to the left of the visual photismic field. With a two-toned clang small 
c and g?, the following localization was given: 


Source in rear median plane: red in right photismic field, blue in left. 
Source opposite left ear: blue on top, red at bottom. 

Source in front median plane: blue to the right, red to the left. 
Source opposite right ear: red to lower left, blue to upper right. 
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When the head was in a horizontal position (face up) D. localized 
the higher tone as “higher in the head” (toward top of skull). The 
drawings of the photisms which she made were turned through go° and 
180°, and her decision as to the preferred position was rather uncertain. 
“T believe they go better this way but am not sure,” was a typical remark. 
When simple octaves were given on the piano (c’ and c), with the 
source in the rear median plane, she saw the lighter shades to her left, 
the darker to her right. This is a direct transfer from the spatial local- 
ization of the auditory stimulus itself. 

The fact that this spatial distribution was absent in many of the 
illustrations of the photism, and, furthermore, was described as very 
vague after attention had been directed thereto, makes definite locali- 
zation rather an associative factor or a factor of attention, and not an 
element of the original photism. “Whenever a photism was illustrated 
without comment the form shown in Figs. 2 and 3 resulted: a field of 
irregularly shifting colors. When suggestive questions were asked, D. 
“thought” she saw the higher tone to the top or to the right (Fig. 5). 
She usually found it impossible to see the color for the higher tone at 
the bottom or to the left of the photismic field. Now and then, particu- 
larly if she was close to the keyboard of the piano, with her back turned, 
she could transfer the tones directly: higher to left and lower to right 


(which actually was the auditory spatial distribution). 
Data on the localization of photisms have, in general, been classified 
into four groups: 


. Photism referred not outside body but back of eyes or in head. 

. Photism forms background of objects in field of vision without 
obscuring them. 

. Photism corresponds to sight of objects producing them. 

. Photism obscures objects in visual field or blends with them. 


D.’s localization falls into the first and fourth classes of the given 
grouping. Class four enters only so far as affecting the visual field 
when color fields were presented to the eye. Normal objects were never 
described as covered with a color or as having a color background. Her 
synesthesiae were, without exception, localized within the head and 
were differentiated even from a simultaneous optical after-image. This, 
too, points to a physiological and not an associational basis for the 
photisms. 
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Order 


At the age of seventeen D. could not get any definite auditory synes- 
thesiae from the objective presentation of colors. Repetition of the 
test at twenty gave the same results. However, when she was fifteen, a 
series of tests with the Prang Charts resulted in what to all appearances 
were synesthesiae. D. was asked to “hum the tone suggested by the 
color.” The tone “suggested by the color” could be imaged indirectly 
through association. D., when looking at the Green of Chart II hummed 
d’; for yellow, she hummed e’. When asked: “How did you get it?” 
she replied: “I can’t tell you. I guess I knew it was E, but didn’t think 
of it until later.” For the sake of completeness I add other reactions. 


Chart II, violet-—Ap’. This is too high. More like the lower octave. 
Chart II, orange—hummed between e’ and f’ (almost f’). “Color is 
not exactly f’, but too high for e’.” 

Chart VII, grey-orange—hummed f’-b’. 
Chart VII, blue-green—hummed d’-g’. 
Chart VII, yellow-orange—“This tone is between e’ and f’, too high 
for e’ too low for f’.” 
Chart VII, red-violet-—¢’-a’. 
Chart VII, red-orange—c’-f’. 
Colors at bottom of Chart VII. 
grey-yellow—e’, a’; e’ is stronger than a’. 
grey-orange—c’, d’, b’. b’ is strongest; then c’, then d’; rather 
a pretty color. I believe I’m wrong here; it is too 
pretty for such a dissonance. Now it seems to be 
f’, g’, b’.. b’ is stronger than the other two, but f’ 
is more than twice as loud as g’. 
grey-red—c’, d’, a’, b’. I hear them all but they do not make a 
dissonance. 
grey-green—e’, d’, more d’, about three times more. 
grey-blue—g’, f’, more g’, about three times more. 
grey-violet—e’, a’; more a’. 


The answers reveal an accurate analysis of color blends into their 
components, thus pointing to a superior color-sense. On the other hand, 
D.’s auditory reactions are also very superior, hence her photisms cannot 
be explained on the basis of the compensation theory. Even the ratios 
given for grey-blue and grey-green, 3 to I, are correct. With such an 
analysis the association with the synesthetic tones could readily follow, 
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though, here again, there was no definite evidence that association was 
functioning. D.’s remarks in this respect are not conclusive. At one 
time she said: “It is too pretty for such a dissonance” which shows 
clearly the association through common emotional tone; then again: “I 
hear them all, but they do not make a dissonance” which as clearly rules 
out fusion association. I should mention here that the order color-tone 
seemed uniformly less facile than the order tone-color in this subject’s 
case. (This is mentioned as a typical condition by several investiga- 
tors.) Accordingly, the error of associations cutting across the synes- 
thesic arc, if any, is increased. The results with the Prang Charts are 
interesting in the light they throw upon the definiteness of hue and 
brightness with which the synesthesia operates. As D. grew older, the 
order color-tone became more and more uncertain, and as stated, at 
seventeen years, was too vague to warrant any conclusions. The defi- 
nitely negative results obtained at the age of twenty for the order color- 
tone and the positive replies “absolutely no tone,’ show a complete 
elimination of this phase of the synesthesia. Unfortunately, earlier 
experiments for the order were not made, the presence thereof, up to 
fifteen, must remain conjectural. It is certain, however, that it never 
had the vividness of the reverse order. 

This irreversibility is in direct contrast to the findings of Wheeler 
and Cutsforth (146) who state: “The two processes: primary and sec- 
ondary, are reversible. Either one will identify the other. The second 
to appear identifies the first.” 


Effect of Visual Sense-Stimulation Upon Photism 


In order to test the effect of a visual color, objectively present, upon 
a photismic color, tones of one color were presented while the eye 
looked through colored glass. These glasses were held close to the 
eye and the eye was directed at the centre of a large, white sheet, so that 
the entire field of vision consisted of a uniformly colored area with no 
external objects visible, even in peripheral vision. The tones were given 
on a piano. When G (blue) was played with a red visual field, D. re- 
plied: “The red color does not change, but blue is there. I don’t see 
it as I do the red, but it’s like subconscious.” The same introspection 
was given for various other combinations. 

A second test consisted in keeping the visual field constant and play- 
ing a scale slowly (red-green-yellow-orange-blue-violet-brown). With 
a blue visual field the following introspection was made: “The blue re- 
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mained fixed. But something seems to struggle against it. When G 
(blue) is played, this struggle stops and everything seems to merge. It 
is as if my mind were struggling against my eye.” D. had no difficulty 
in naming the photismic colors while looking through a glass of another 
color. “It’s hard for me to explain. I know the color is there, but I 
don’t see it with the eye.” 

A third test consisted in having D. look at the colors of Prang Chart, 
(red, yellow, blue, orange, purple). Then certain tones were played, one 
at a time. As the tone corresponding to a color was heard, that color 
“stood out” from the others. 

D.’s definite distinction between the objective nature of the field of 
color and the subjective nature of the photismic color, seems sufficiently 
pronounced to rule out any peripheral nature of synesthesia. Her in- 
ability to describe the association or to localize it elsewhere than “in her 
mind” points to a cortical or at least non-peripheral origin. Moreover, 
since the objective color can remain in consciousness while the photismic 
color is also there, the cortical stimulation cannot be the same in both 
cases. Otherwise, the two sensations would fuse into one. This seems 
to occur when the physical color and the photismic color are exactly the 
same. The physical color, however, was not that from an external 
object, but a field of color covering the entire visual field. 

This also seems to point to stimulation along the neural-path, at any 
rate non-peripheral, as a possible explanation of synesthesia. Such stim- 
ulation usually affects the peripheral origin of the nerve. If the ulnar 
nerve is struck at the elbow a diffused sensation occurs in hand and 
fingers. Similarly, if the optic nerve be stimulated along its path the 
light sensations would be referred to the eye, and yet distinguished from 

the visual perception of specks of external light. In D.’s case it was 
difficult to determine whether or not the photisms were thus referred. 
Her frequent remark: “I do not see it with my eye,” does not exclude 
this reference since, with eyes closed, she actually did not “see” it, yet 
the colors could closely approximate the light sensations resulting from 
trunk stimulation of the optic nerve. In fact, from her general descrip- 
tions, a close similarity between sensations resulting from nerve path 
stimulation and the photisms seems very likely. 


Imagery 


The effect of imagery upon the phenomenon was tested by having D. 
image tones. She has what is generally called absolute pitch and can 
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readily image at will any tone to within a range of less than a quarter- 
tone. As check, she was asked, later, to hum the tone. In no case was 
the photism active, in spite of an attempt to see the color, following sug- 
gestive questions. If then, the corresponding tone was played, the 
photism was at once present. (Incidentally, this is proof that D.’s synes- 
thesia is not associative. She knew the color wanted and could image 
the sound of the corresponding tone, yet could not “see” it until it was 
objectively presented.) Thus, when centrally initiated, the impulse does 
not carry over into the other sensory field. 

When D. was asked for a description after some time had elapsed be- 
tween objective presentation and her reproduction, the answer would 
almost invariably be negative and a repetition of the stimulus would be 
asked for. If, then, the stimulus was regiven, the typical reaction would 
follow immediately ; and the vague, uncertain reaction of the image test 
compared with the definite, vivid, immediate and constant reaction to 
the objective test indicates clearly a fundamental difference between the 
image and the photism. From this it seems that an image of a synes- 
thetic color does not exist and that synesthesia is a sensory reaction. It 
is not voluntary and cannot be created by imagination. In this respect 
it differs fundamentally from hallucinations and other allied forms of 
mental reaction, since it not only does not involve the higher mental 
faculties, but cannot even be induced by them. (D. is possessed of 
excellent imagery in various sense departments. ) 

On the other hand, the difference between the photism and an image 
of the color is probably similar to the difference between an objective 
color field and its imagery. I can picture red, but the image could never 
pass as a substitute for the sensation “red” when a uniform red field is 
visually present. This similarity is additional proof that true synesthesia 
is not imaginal association. In vividness and general character it ap- 
proaches objective stimulation. How it differs from this is described 
under “Quality,” and this dual limitation—on one side as non-imaginal, 
on the other side as non-peripheral—indicates a direct neural, but non- 
peripheral stimulation as the explanation of synesthesia. 


Quality 


Of particular interest and significance is the quality of the photism. 
In order to test this D. was asked to illustrate as best she could what 
she saw when tones were heard. Some illustrations were drawn with 
closed eyes, while the photism was still active; others were reproduced 
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from memory, immediately after tone-presence, and with frequent 
request for repetition of the stimulus. Before studying the Figures, 
the manner in which they were drawn should be considered, since it 
helps in their interpretation. 

With pencil in hand, D. would draw aimlessly and very lightly, the 
procedure indicating definitely that the line demarcation was not clear. 
Upon being asked to explain why she drew so vaguely, she replied: “I 
cannot draw it clearly because the colors shade gradually into each other 
and are constantly changing. I cannot hold any fixed pattern because 
none is there.” Accordingly, in reproducing the drawings (on a white- 
black scale instead of in colors) I have kept the original lines light, but 
the very contrast of black on white sharpens the definition much more 
than that actually seen. Each Figure, therefore, is to be understood as a 
momentary form of the photism with the lines vaguer than the printed 
form indicates. Only the general characteristics are to be considered 
constant. 

The photisms may be described as formless fields of shifting color. 
There is no definite outline and the field is never of uniform hue. When 
more than one color is present, they “run into one another” gradually, at 
the same time constantly changing what contour they have. Many illus- 
trations were made, none of which differed from the description just 
given and illustrated in Figs. 2 and 3. They were at times described 
as similar to “melting harlequin ice-cream.” The pitch-interval is re- 
flected in the photism by a more closely diffused color field for the 
narrow interval (second) and more clearly defined tone bands on a 
neutral background for the wide interval (ninth). The “apartness” 
of the tones, in the latter case seems to cause an “apartness”’ in the color- 
bands. In other words, the more clearly the separate tones were present 
to consciousness, the more clearly were separate bands of shifting color 
present in the photism. To some extent this is seen also in the other 
illustrations. Yet, we cannot be sure that this aspect was not induced 
by the desire to “reproduce” the photism. A similar difficulty exists in 
the localization aspect: right-side and left-side could be discerned after 
attention was directed to this feature, but from many observations 
made, did not function in the immediate photism. 

Fig. 4 shows the effect of pitch on the delineations of the photism. 
The lines decrease in number and in complexity as the pitch rises. Other 
things equal, they may be said also to be fewer and simpler for single 
tones than for tone-combinations (see Fig. 5). This shift of colors is 
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not the equivalent of the “beat-phenomenon” of discord. An octave, D. 
reports, shifts as much as a second (two reds, a light and a darker, for 
example, shift as much as a red and a green). Moreover, F~ (orange 
and blue) shifts as much as do F and G (orange and blue), but for F¢ 
the changing lines “seem closer.” 











Fic. 5 


This photismic movement, which was characteristic of all of D.’s 
synesthesiae, rules out extrinsic association as the cause of the phenom- 
enon, but it also demands an explanation of why a constant primary 
stimulus, such as an organ pipe tone, produces an inconstant secondary 
stimulus. Some light is thrown on this problem by the results of a test 
for effects of a visual after-image on the photism. D. fixed her eyes 
sufficiently long on a colored surface to obtain an adequate after-image. 


” 


When, thereupon, a tone of contrasting color was sounded, D. “saw 
both colors: the after-image and the photism. “The red (C) is not 
where the green (after-image) is. I can see both but the green seems 
more objective.” When we recall that nerve-trunk stimulation (such as 
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the ulnar nerve shock at the elbow) affects the peripheral organs, D.’s 
synesthesia cannot occur through stimulation along the nerve because no 
retinal sensation occurs. On the other hand, the “tingling” sensation of 
the ulnar nerve stimulation is an inconstant, vaguely localized sensation, 
as are the photisms. Again, when looking steadily at a perfectly clear 
blue sky, tiny black specks frequently pass aimlessly over the visual field. 
The movement is similar to the photismic movement. The conclusion 
seems possible, therefore, that the instability of the secondary sensation 
may result from circulation changes (or other chemical changes) in the 
extra-cortical or intra-cortical areas. When we consider the known 
subtle effects of the vasomotor system upon the blood-supply in the brain, 
effects on the photism seem plausible. A further support of such a 
theory is found in the action of certain drugs. Alcohol and haschisch 
have already been mentioned. I add a description of a subject under 
the influence of peyote (generally known as mescal), “. . . . and 
intermingled with the stars large orange and yellow nebulae moved in 
elliptical and circular orbits.” “At first there was merely a vague play 
of light and shade . . . . mostly a vast field of golden jewels, studded 
with red and green stones, ever changing.” The typical effect of the 
drug is described in the United States Dispensatory as follows: “produce 
a peculiar cerebral excitement, attended with an extraordinary visual 


disturbance, characterized by an incessant flow of visions of infinite 
variety, of both color and form.” 


If a “red” cortical area be stimulated synesthetically, a sensation of 
redness must result, but it is not the same as the red of a seen pigment 
or even that of an after-image because the retina has not been stimulated. 
The photism thus seems to result from stimulation of neurons from a 
direction other than the normal peripheral stimulation. It differs also 
from recall stimulation, since D. at least, could not create a photism 
through imagery, although she is above normal in imagination. This 
requires the possibility that cortical cells can be stimulated in three ways: 
by normal peripheral stimulation; by higher mental processes of mem- 
ory, recall, and imagination; and finally, by stimulation of neighboring 
cells of another sense-department. Such interaction demands a spacial 
arrangement, or its cortical equivalent, from sensations resulting from a 
one-dimensional series. That is to say, the registration in the cortex 
for middle C would be closest to that for the two adjoining tones (B 
and C#) and less close to that for the C an octave lower or higher. The 
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cortical registration for green would lie next to that for yellow and 
blue (adjacent colors in the frequency series). 


Some evidence in support of this view is found in the localization of 
cerebral functions. The motor areas for eye, nose, mouth and vocal 
cords lie adjacent, as do those for fingers, hand and the arm (153). 


When a pitch-frequency is given (Ah) that lies between two colors 
(blue and violet, G and A) that are already adjacent in both series 
(hence cortically adjacent?) the sensory-reflex is merged into a single 
color-sensation: a blue-violet. When, on the other hand, two widely 
separated pitch-frequencies awaken separated color frequencies two 
areas of irradiation occur without overlapping, resulting in two colors 
being present in the photism. 

There are obvious difficulties in the way of such a cerebral localiza- 
tion theory: the octave-similarity of color, for example. In explanation 
of this we should have to assume common elements (octave partial). If 
we assume partials, can we eliminate all but the octave? And if we do 
not, the others, such as the third (interval of a twelfth) would intro- 
duce the other photismic color which is not present in the photism. The 
data at hand do not furnish enough facts to make this step of the 
analysis more than speculation. 


CONCLUSIONS 


1. Synesthesia is a secondary sensation in one sensory field produced 
by a primary stimulus in another sensory field. 

2. The sensory reaction is affected by associative reactions. 

3. It may be divided into two classes: sensory and associative. The 
associative class subdivides into two groups: intrinsic and extrinsic. 
The associative class alone—whether intrinsic or extrinsic, or both—is 
not synesthesia. This demands the presence of co-sensations, not merely 
co-images or co-ideas. 

4. Synesthesia is an atypical phenomenon. It is not a normal neural 
reaction and is present in relatively few individuals. 

5. Synesthesia is an individual phenomenon. Its elements vary 
with the individual and do not follow any general law in their con- 
creteness. No two synesthetes show the same array of tones and colors. 
The associative aspects, on the other hand, are general. 

6. In every case of sensory synesthesia, the intrinsic associations 
operate. The sensations determine the specific tone-color bonds; the 
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intrinsic associations, the bonds resulting from the general structure of 
the pitch and color series as wholes. The former is abnormal—the latter 
normal. 

7. Synesthesia is closely associated with intelligence, imagination and 
sensitivity ; in short, with a highly organized nervous system. 

8. The probable basis for synesthesia is an interlacing of fibres, with 
modified synaptic conditions, either extra- or intra-cortical. The name 
sensory-reflex describes the phenomenon. 

g. Photisms are not the result of peripheral optical stimulation. They 
are likewise not the result of chance (extrinsic) association. 

10. Synesthesia has a tendency to deteriorate as the subject gets 
older. This may result from the fact that it serves no useful purpose in 
the life of the organism. When synesthesia is retained through years 
the original sensorial type is frequently reénforced with the associative 
type which helps the fixation but not necessarily the immediacy or 
vividness of the original sensory aspect. 

11. Detailed localization of photisms is difficult and relatively in- 
definite. They are usually described (definitely so in the case of D.) as 
“within the head.” The transfer of the high-low, right-left distribution 
to the photismic field varies, and is probably the result of an attention 
factor, and not of the immediate photism. 

12. Photisms cannot be induced by imagery. They do not fuse with 


optical stimuli simultaneously present. 

13. The quality of the photisms is a disordered, formless, but rela- 
tively smooth shifting of color bands or of a field of color. This shift- 
ing is independent of the constancy of the primary stimulus. 
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OBSERVATIONS ON THE GROWTH, CLASSIFI- 
CATION AND EVOLUTIONARY SPECIALIZA- 
TION OF GIBBONS AND SIAMANGS 
BY ADOLPH H. SCHULTZ 
Laboratory of Physical Anthropology, Johns Hopkins University 





CHAPTER I. INTRODUCTION 


For the study of the inseparable problems of human evolution and 
of man’s place among the primates we are still much in need of addi- 
tional exact and detailed information in regard to apes and monkeys. 
According to all available evidence man and the three large apes con- 
stitute one small group of Old World primates, at least if contrasted 
with the extensive series of African and Asiatic monkeys. Between the 
latter and the few highest primates stand the gibbons and the siamang, 
forming the family Hylobatidae. Due to this intermediate position, the 
H ylobatidae play a very prominent role in all attempts to reconstruct the 
evolutionary history of the highest primates. The various gibbons and 
the siamang represent several evolutionary experiments (differing com- 
paratively little in direction and in extent) which must have originated 
from the same ancestral stock which has given rise also to man. That 
many phases of these particular experiments in primate evolution have 
been at least as far-reaching in Hylobatidae, as other phases have been 
in the profound experiments leading to present-day man, is evident from 
the numerous extreme specializations peculiar to the gibbon family. 

To include in one and the same paper observations on classification 
and evolutionary trends as well as those on growth may appear at first 
as unwarranted. It is, however, precisely such a combination of phylo- 
genetic with ontogenetic studies which is very helpful for a proper 
understanding of many problems of growth and of evolution. Any 
specific, generic, or other taxonomic difference is due to some phylo- 
genetic change which, primarily, can have affected nothing but the 
process of growth of the one or more bodily structures showing the 
change, the change appearing most clearly at the completion of growth. 
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A recent paper by the author (1930) on the skeleton of the trunk 
and limbs of higher primates contains many data bearing upon the 
problem of the subdivision of the family Hylobatidae. These particu- 
lar data led to the following conclusion: 

At a number of places in this paper it has been pointed out that a much greater 

difference exists between the large siamang and any species of Hylobates than 
between any two of the latter. The characters showing such differences are col- 
lected in Table 36, which also contains the conditions in the small siamang. This 
long list of features of the skeleton of trunk and limbs alone, including many items 
in which the two ranges of variations do not overlap, fully justifies the generic 
rather than specific separation between the large siamang and the gibbons. . 
There can be no doubt that Symphalangus syndactylus approaches the anthropoid 
apes, particularly the orang-utan, more closely than do the various species of Hylo- 
bates. The data in Table 36 show that Symphalangus klossi stands in general 
decidedly nearer to the gibbons than to the large species of its own genus. For 
this reason it seems quite likely that S. klossi should really either be moved into 
the genus Hylobates, or else should constitute a new genus of its own. Since the 
author was able to examine only two skeletons of S. klossi (besides a few imma- 
ture, preserved specimens) he cannot insist on this proposed change in nomen- 
clature. 

Since this was published the author has been able to study a great 
amount of additional skeletal material, including specimens of “S. klos- 
st.” He has also examined and measured a large series of skulls of 
gibbons and siamangs. Furthermore, in the course of his comparative 
investigations on the growth of primates he has gradually accumulated 
notes and measurements on. sixty-eight preserved bodies of the Hylo- 
batidae. It is the purpose of this paper to bring together all these data 
on the skeleton, the outer body, and on the growth of gibbons and 
siamangs, and to compare briefly the conditions in the Hylebatidae with 
those in other catarrhine primates. Thus, it is intended to contribute 
new information not only for conclusions in regard to the proper posi- 
tion of Hylobatidae among catarrhines, but also for the classification of 
at least some of the different species within this family. In many 
instances these data reveal more or less definitely the evolutionary trends 
which have produced the various specializations of the gibbons and of 
the siamang. 

It cannot be disputed that any classification becomes more reliable 
and justifiable the greater the number of different characters which have 
been considered, and the more specimens of a kind which have been 
examined. The frequent taxonomic procedure of laying main stress 
upon the color of the hair fails almost completely in attempting to sepa- 
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rate most of the species of the genus Hylobates. The members of this 
group are well known to manifest enormous individual variations in 
regard to hair color. This color, furthermore, changes frequently to a 
surprising degree with advancing age. In some instances this change 
proceeds from nearly white to very dark (e. g., H. leucogenys) ; whereas 
in other cases this order is reversed. In the Hopkins collection are nine 
adult female Hylobates pileatus, collected at one time and at one place 
(Ban Sadet, Siam); the limbs of eight of these specimens bear very 
light-colored hair, whereas the ninth has hair of an entirely black color. 
The infant of one of the light-haired mothers has much darker, reddish- 
brown hair. In speaking of Hylobates nasutus, Elliot (1913, III, p. 
155) makes the following remarks in regard to the variability of hair 
color in the genus Hylobates: 

Two individuals of this species were received by the Zoological Society of 
London from Hainan in the jet black pelage, but when their coats were shed, one, 
the female, gradually assumed a white or silvery gray dress . . . . thus presenting 
a striking and an unanswerable evidence of the mutability of the coloring in the 
coats of members of this genus, and its worthlessness as a specific character, when 
the general hue of the dress is considered. . . . Uniformity of coloring is not 
one of the tenets of the species of Hylobates, and so far as the hues of their coats 
are concerned each one wears whatever seems best in his own eyes. The quantity 
and depth of color pigments among the members of the different species is a most 
uncertain quality, and rarely do two individuals possess them in the same degree, 
otherwise these many and extreme variations are quite unaccountable. 

As will be shown later on, the skeletal characters of gibbons also vary 
to a very marked degree. The same is true in regard to body propor- 
tions. It is evident, therefore, that the division of the genus Hylobates 
into definable species represents an unusually difficult and laborious 
task, requiring an enormous mass of material. According to Elliot 
(1913) there exist 12 gibbon species, but according to Pocock (1927) 
only 3. Kloss (1929) recognizes 7 species of which two were assigned 
by Elliot and others to a separate genus. These three authors agree in 
regarding H. hoolock, H. lar and H. concolor as distinct species. 

As shown by Table 1, the writer has accepted the first five species 
of Hylobates, listed by Kloss. For reasons to be referred to later, H. 
leucogenys and H. pileatus appear to differ as much from other gibbon 
species as any of the latter differ from one another, hence the view of 
Kloss, that they are mere subspecies (the former of H. concolor and the 
latter of H. lar), is not followed in this paper. Whether there exist 
still other species of true gibbons and whether the seven species adopted 
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by the author are really always distinguishable, are questions with which 
this study cannot concern itself. It will be shown in detail, however, 
that whatever differences exist between the various forms of gibbons 
proper, they are not as marked as the total of the differences between 
any of these gibbons and Hylobates klossi. In the latter animal are 
found combined some of the characters of gibbons and some of the 
siamang, the former characters far outweighing the latter. For these 
reasons the author has been forced to the conclusion that the genus 
H ylobates must be divided into two subgenera (see Table 1). The sub- 
genus Hylobates contains whatever species of true gibbons will finally 
be accepted. For the second subgenus, which is represented by the 
single species H. klossi, the author proposes the name Brachitanytes 
(= “arm-swinger”’), a term which seems at least as appropriate in this 
family as Hylobates (= “tree-walker’”) or Symphalangus (= “one 
with joined digits”). 

Miller (1903), who first described Hylobates klossi, regarded it as 
“a dwarf siamang” and named it Symphalangus klossu. Kloss (1929) 
proposes to eliminate the entire genus Symphalangus and, therefore, 
names the species Hylobates klossit. The writer is of the opinion that 
the results of the present investigation amply justify the new position 
of this species as Hylobates (Brachitanytes) klossi (see also Schultz, 
1932). 

The accumulated new data fully confirm the conclusion in the 
author’s last paper on this subject (1930) that the siamang should be 
retained in a separate genus within the family Hylobatidae. It is very 
significant that in almost all the new characters investigated the siamang 
stands clearly apart from the gibbons. 


The sections C to F of Chapter 3 represent a revision and enlarg- 
ment of those portions in the former paper by the author (1930) which 
deal with the corresponding structures in Hylobatidae. Since repetition 
had to be avoided, the reader must turn to the former paper for many 
of the basic data, the measuring technique, etc. relating to the skeleton 
of the trunk and limbs. 


The author wishes to acknowledge with gratitude his indebtedness 
to the National Academy of Sciences for a grant to aid in the publica- 
tion of this paper. 
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CHAPTER 2. MATERIAL 


As shown by Table 2, the majority of the specimens studied belong 
to the division of mammals of the U. S. National Museum. The un- 
usually large collection of gibbon material in this museum includes all 
the specimens of the rare Hylobates klossi available in this country. 
Besides the specimens appearing in Table 2, the author examined a few 
in still other collections, already listed in the tables of basic data in the 


TABLE 2 


List of the Collections Utilized for this Study, Abbreviations of the Names of 
these Collections in Subsequent Tables and in Illustrations, and Numbers 
of Specimens Used in the More Extensive Series 





NUMBER OF SPECIMENS 
STUDIED FOR: 





COLLECTION OF: 





National Museum, Washington, D. C. 
Anatomy, Johns Hopkins University. . 
American Museum of Natural History 
Adolph H. Schultz 

Anatomy, University of Ziirich 

Prof. E. Selenka 

Anatomy, Columbia University 

Wistar Institute of Anatomy 
Zoological Garden, Philadelphia 

R. College of Surgeons, London 
Zoological Society of London 
Museum of Natural History, Bern... 


. M. 
H. 
. M. 
. s. 
* 4 
S. 
C. 
m * 
P. 
S. 
L. 
— % 





first paper (1930). In the latter tables two corrections should be made: 
“Symphalangus klossi” should be changed to Hylobates (Brachitanytes) 
klossi and “Hylobates leuciscus” should be replaced by the earlier name 
of Hylobates cinereus, as pointed out by Kloss (1929). 

All the skulls used in this paper are from fully adult animals with 
complete permanent dentition. The material discussed in the chapters 
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dealing with the outer body and with growth consists of preserved 
(mostly embalmed) specimens, whose sizes, approximate ages, etc. are 
recorded in the tables VI and VII. 

For the generous permission to study the gibbon material in the 
collections listed in Table 2 the author is greatly indebted to his various 
colleagues in charge of these collections. 


CHAPTER 3. SKELETON 
A. Skull 
a. Capacity 


The cranial capacity was measured by means of mustard seed. 
Table 3 shows the results obtained by the author and those recorded in 


TABLE 3 


The Cranial Capacity (cu. cm.) in Hylobatidae According to some Data in the 
Literature and the Author’s Measurements (See Tables I and II) 





SPECIES AUTHOR SPECIMENS AVERAGE MIN. 





Oppenheim, 1912 4 04.7 
Oppenheim, 1912 

Hylobates lar (“entelloides’”) 4 04.7 
Schultz 098.5 
COMBINED... 97.4 


Oppenheim, 1912 103.1 


Hylobates agilis 06.2 
98.8 








Hylobates pileatus 93.7 
63 ? 
Hylobates concolor 6 101.2 
COMBINED... (69) 101.2 
Oppenheim, 1912 


“] : p9 86.6 
Hylobates cinereus —— » 103.8 


96.9 











Hylobates hoolock 96.0 
Subgenus Hylobates 97.5 
Hylobates klossi 87.1 

126.3 











Symphalangus 
syndactylus COMBINED... 
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the papers by Kirchner (1895) and by Oppenheim (1912). In view of 
the enormous individual variations the apparent species differences in 
capacity can at best be of limited significance, except in the case of Hylo- 
bates klossi which possesses the smallest of all capacities. The maxi- 
mum value (103 cu. cm.) of H. klossi far exceeds the minimum values 
of all the species in the subgenus Hylobates and lies even above the 
lowest value in Symphalangus syndactylus. In regard to the volume of 
the brain case the siamang is much farther removed from the subgenus 
Hylobates (average difference 27 cu. cm.) than is Hylobates (B.) klosst 
(average difference 10 cu. cm.). The total range of variations among 
adult H ylobatidae extends from 70 to 152 cu. cm., i. e., the highest value 
is more than twice as great as the lowest value.* 


TABLE 4 


The Body Weight (kg.) of Adult Hylobatidae According to Records in the Papers 
by Miller (1903), Weber (1904), Schneider (1905), Lyon 
(1907, 1908, 1911), and Pocock (1927) 





MEAN OF 


SPECIES SEX SPECIMENS AVERAGE MIN. 
é AND Q 





5-1 4-3 5.6 
5-3 
6.0 5.0 7.4 
5:7 5.7 5.8 
5.6 4.9 6.8 
5.8 4.6 6.8 
6.3 5.9 6.5 
5.8 5.6 6.0 
6.9 6.0 7.9 
6.5 6.4 6.6 
5.7 5.2 6.1 
5.9 5.2 6.5 
ILI 9.5 12.7 


10.2 9.0 11.6 

















Hylobates klossi 





S17 8/11 8/11 8/410 8/10 81/1 & 


Symphalangus syndactt| 





* The values in Table 3 agree very closely with those mentioned recently by Sir 
Arthur Keith (1931, fig. 13): Cranial capacity of Gibbon = 95 cu. cm. (range 
80-140) and of Siamang = 125 cu. cm. (range 110-150). 
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The size of the brain or of the cranial capacity is of interest chiefly 
in its relation to the size of the entire body. It is a well established 
rule that in general the brain is proportionately the larger the smaller 
the body. In a house cat, e. g., the weight of the brain forms 0.94 per 
cent of the body weight, whereas in a lion only 0.18 per cent. In pri- 
mates this percentage relation is according to Dubois (1914) 3.82 ina 
marmoset, weighing 0.335 kg.; 1.37 in a siamang, weighing 9.5 kg.; 
0.54 in an orang-utan, weighing 73.5 kg.; and 2.18 in adult white man. 
To these figures the author can add the relative brain weight of 1.96 
per cent in an adult Hylobates lar, weighing 4.485 kg. Corresponding 
to its lesser size, therefore, the gibbon possesses a considerably higher 
relative brain weight than does the siamang. 

The body weights of adult Hylobatidae in Table 4 have been col- 
lected from various sources. Since the brain weight (in grams) cor- 
responds roughly to the cranial capacity (in cubic centimeters) one can 
substitute the latter for the former in calculating at least an approxi- 
mate brain size in relation to body weight. Thus, the averages in Table 
3 have been expressed in percentage of the corresponding averages (for 
$ and 2?) in Table 4, according to the formula: 


cranial capacity (cu. cm.) 
body weight (g.) 


The following approximate relative capacities have been obtained by 
this method : 





X 100 


Hylobates lar ....... = 187 Hylobates hoolock .......... = 1g 
Hylobates agilis ..... = 1.67 Average of subgenus Hylobates = 1.67 
Hylobates concolor .. = 1.78 Hylobates (B.) klossi ....... == 2.00 
Hylobates cinereus ... = 1.59 Symphalangus syndactylus ... = 1.16 


Again it is found that the large siamang has a relatively smaller 
cranial capacity than have the gibbons, a result which was to be 
expected. It is surprising, however, that Hylobates (B.) klosst does 
not possess a relative capacity at least equal to that of the gibbons proper. 
According to Table 4, H. klossi is on an average heavier than H. lar, 
as heavy as H. concolor and H. agilis, but not so heavy as H. cinereus 
and H. hoolock. These average weights, however, are of only limited 
significance. They are based upon relatively few specimens and the 
individual weight can be influenced to a considerable extent by the 
amount of food the animal consumed shortly before its death. 
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That the average relative cranial capacity of gibbons (1.67) sur- 
passes that of lower catarrhines of equal size is indicated by the follow- 
ing figures: in an adult female Pithecus rhesus (P. A. L. 21), weigh- 
ing 5960 g., the capacity measures 85 cu. cm. or only 1.43 per cent of 
the body weight. 


b. Absolute and relative dimensions 


The author has taken a great many different measurements on the 
skulls of gibbons and siamangs in an attempt to find the particular ones 
which, in their interrelations, show most clearly the characteristic species 
differences. The following eight measurements have finally been 
selected as the few most useful ones for distinguishing some of the 
members of the Hylobatidae : 


1. Skull length = maximum mid-sagittal length of brain case from 
glabella (D, fig. 1.). 








HYLOBATES 





Fic. 1. DrIAGRAMMATIC MID-SAGITTAL SECTION OF THE SKULL OF A 
Grson, SHOWING SOME OF THE MEASURING POINTS 
AND MEASUREMENTS 


I = basion (Mid-sagittal point of anterior border of foramen 
magnum) ; 2 = porion (middle of upper edge of porus acusticus 
externus) ; 3 = orbitale (deepest point on lower border of left 
orbit) ; 4 = nasion (mid-sagittal point of nasofrontal suture) ; 5 = 
prosthion (most anterior mid-sagittal point on alveolary border 
between middle incisors) ; A = Skull height; B = Base length; C 
= Inner base length (measured as straight distance between the 
end points of the arc) ; D = Skull length. 
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2. Glabellar thickness = thickness of frontal bone beneath glabella, 
obtained by deducting the straight distance from basion to most 
anterior point of brain cavity (C, fig. 1) from the base length 
(B, fig. 1). 

. Skull breadth — maximum breadth of brain case, situated be- 
tween the squamae temporales, but not on the crests above the ear 
openings (A, fig. 2). 


SYMPHALANGUS 


Fic. 2. Top View oF THE SKULL 
OF A SIAMANG SHOWING THE 
First THREE BREADTH 
DIMENSIONS 


A = Skull breadth; B = Post- 
orbital breadth; C = Biorbital 
breadth. 


4. Skull height = projective height of brain case from basion to 
vertex, perpendicular to ear-eye horizon (A, fig. 1). The ear-eye 
horizon is the best and generally accepted plane of orientation, 
determined by the two porion points and the left orbitale (2 and 
3, fig. 1). 

. Postorbital breadth = minimum breadth of brain case behind the 
orbits (B, fig. 2). 
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6. Biorbital breadth = maximum breadth between the frontal pro- 
cesses of the zygomatic bones (C, fig. 2). 

7. Palate length = from prosthion (5, fig. 1) to middle of line con- 
necting the most posterior points on the alveolary processes (A, 
fig. 3). 

8. Palate breadth = maximum breadth between the alveolary pro- 
cesses, perpendicular to palate length (B, fig. 3). 
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Fic. 3. Positions or Stiinc Compass In MEASURING A = PALATE 
LENGTH AND B = PALATE BREADTH 
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TABLE 5 


Averages of the Absolute Dimensions of the Skulls of Adult Hylobatidae 
Listed in the Tables I and II 





SPECIES 


SPECIMENS 
SKULL LENGTH 
GL. THICKNESS 
SKULL BREADTH 
SKULL HEIGHT 
POSTORBITAL BR. 
BIORBITAL BR. 
PALATE LENGTH 
PALATE BREADTH 





62.0 54.0 48.1 40.1 32.3 
60.9 52.4 468 39.5 33.2 
60.1 51.7 46.4 38.3 32.4 
63.0 53.5 48.2 40.7 33.0 
61.8 53.7 46.8 41.0 32.7 
62.3 51.3 48.7 40.7 32.7 


57.6 52.2 44.6 36.8 30.4 
Symphalangus syndact... 14 90.8 8.0 65.4 55.1 47.1 70.3 52.9 41.0 


Hylobates lar 79.9 
H ylobates agilis 81.4 
Hylobates pileatus 81.2 
Hylobates concolor 79.7 
Hylobates cinereus 83.5 
Hylobates hoolock 79.3 


Hylobates klossi 75.6 
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The average values of these measurements (in mm.) are listed 
in Table 5. The average skull length varies around 80 mm. in the dif- 


ferent species of the subgenus Hylobates, it is nearly 5 mm. shorter in 
H. klossi, and almost 11 mm. longer in the siamang. According to 
Oppenheim (1912) the same measurement averages in 26 siamangs 90.2 
mm., ranging individually to a maximum of 97 mm. The maximum 
skull length of Hylobates amounts to 88 mm. and was found in a 
female H. cinereus. 

The glabellar thickness averages nearly two and a half times more 
in siamangs than in gibbons. There are no frontal sinuses in any Hylo- 
batidae, so that the enormous thickening of the glabellar region of the 
frontal bone in siamang is entirely due to an unusual development of 
diploe. The great difference in skull length between Hylobates and 
Symphalangus is, therefore, due largely to this difference in the thick- 
ness of the bone behind the anterior end point of the skull length. 

The averages of the skull breadth differ relatively little in the vari- 
ous Hylobatidae. In the siamang it amounts to 65.4 mm. but in the 
Bornean gibbon to not much less, namely to 63.0 mm. 

The skull height is even more uniform than the skull breadth, the 
averages varying only between 51.3 and 55.1 mm. It is very interesting 
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to find that the small skull of Hylobates klossi is actually higher than 
the skulls of H. hoolock and of H. pileatus. The skull of the large 
siamang is only 1.1 mm. higher than that of H. lar. According to 
Oppenheim (1912, measurement No. 12) the skull height of the siamang 
is even shorter, averaging in 26 specimens only 53.6 mm. ; i. e., the same 
as in her 8 Hylobates agilis (53.5 mm.) and less than in the writer’s 
H. lar and H. cinereus. It can already be stated, therefore, that H. klossi 
possesses a relatively high skull and S. syndactylus a proportionately low 
one. This is evident also from the drawings in figure 4. 
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Fic. 4. Murp-saGItTaL SECTIONS OF SKULLS OF ADULT GIBBONS AND 
SIAMANGS, ORIENTED ACCORDING TO EAR-EYE Horizon 
(Broken Lines) 


Projected on these sections is shown the exact position of the 
left porion (po) and of the sagittal section through the middle 
of the left orbit (ms). g = glabella; n = nasion; or = orbitale; 
pr = prosthion; ba = basion; i = inion (for explanation of these 
craniometric terms and of the methods for constructing these 
drawings with the diagraph see Martin, 1928). 
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The averages of the postorbital breadth, as those of the last measure- 
ment, show a maximum difference of only about 4 mm. The mean of 
the averages in the subgenus Hylobates amounts to 47.5 mm., the 
average of Symphalangus is 47.1 mm. The constriction of the brain 
case behind the orbits is, therefore, more pronounced in the large 
siamang than in the average gibbon. 

The biorbital breadth, on the other hand, is very much greater in 
the siamang than in any of the gibbons. The maximum individual value 
of this dimension is 69 mm. in a gibbon, whereas 77 mm. in a siamang. 

The most marked differences between the skulls of Symphalangus 
and of Hylobates exist in the dimensions of the palate, particularly in 
the palate length. This measurement averages anywhere from 38.3 to 
41.0 mm. in the latter, whereas 52.9 mm. in the former. The same 
dimension averages even 53.9 mm. in the series of 26 Symphalangus 
syndactylus measured by Oppenheim (1912, measurement No. 55). 
According to the same author (measurement No. 56) the palate breadth 
averages 41.7 mm. in her series of siamangs, which is also slightly higher 
than the corresponding average, obtained by the writer. That the palate 
of the siamang is disproportionately large, when compared with the 
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Fic. 5. Mrp-sacGitraL SECTIONS OF SKULLS OF ADULT GIBBONS AND 
SIAMANGs (As IN FIG. 4) SUPERIMPOSED SO THAT THE 
Ear-EYE Horizons AND THE LEFT PorION 
Points CoINcIDE 
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palate in gibbons, was already known to Giebel (1880), who mentioned 
the fact in his brief paper. This difference is also clearly shown by the 
comparisons in figure 5 and by the skulls of a gibbon and of a siamang 
in figure 6. From these figures it is also evident that the great length 
of the palate causes the entire facial portion of the skull to project 
much farther forward in the siamang than in the gibbon. 

In Hylobates (Brachitanytes) klossi the dimensions of the palate 
are considerably shorter than in any of the species of the subgenus 
Hylobates. The same difference has been found to exist in every other 
cranial measurement (and in the capacity), except in the skull height. 

Absolute dimensions serve primarily to show only differences in 
size, but are not well suited to reveal the much more significant differ- 
ences in shape, as expressed by the percentage relation between two 
measurements. Such relative measurements, or indices, have, therefore, 
been calculated from the eight absolute measurements discussed above. 
Five of the many possible indices have been selected as the most ex- 
pressive ones for Hylobatidae. They are listed individually in the ap- 
pended tables I and II and the average values are given in Table 6. 

The proportion between the skull height and length is markedly 
different in the two genera. In the siamang the height amounts on an 
average to only 60.6 per cent of the length, in Hylobates (Brachitanytes) 
klossi to 69.1 per cent. In the former the index ranges between 56.5 and 


KF 
Colobus verus AS.159 


Fic. 6. Sme Views oF SKULLS OF A CATARRHINE MONKEY, A 
G1BBon, A SIAMANG, AND AN ANTHROPOID APE SHOWING 
THE RELATIVE SIZE OF THE SQUAMOUS PORTION OF 
THE TEMPORAL Bone (Dortrep AREA) 


The skulls are oriented in the ear-eye horizon. The chimpanzee 
skull has been reduced to the same size as the siamang skull 
(drawn with dioptrograph). 
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TABLE 6 


Averages of the Relative Dimensions or Percentage Proportions of the Skulls of 
Adult Hylobatidae, Calculated From the Figures in the Tables I and II 





SKULL L. — THICKN. 








BIORBITAL BREADTH 
PALATE BREADTH 
SKULL BREADTH 





SKULL HEIGHT 
SKULL LENGTH 





SKULL BREADTH 
PALATE LENGTH 


POSTORBITAL BR. 
BIORBITAL BR. 





SPECIMENS 





76.6 
74.0 
75.0 
76.7 
75.0 


Hylobates lar 
Hylobates agilis 
Hylobates pileatus 
Hylobates concolor 
Hylobates cinereus 
Hylobates hoolock 75.3 


Hylobates klossi 76.6 
Symphalangus syndact. .. " 67.1 
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63.7, whereas in the latter between 66.7 and 72.0. The two ranges, 
therefore, do not overlap, so that the two types of skulls can be dis- 
tinguished by their relative height alone. This difference in relative 
height is not due to any noteworthy difference in absolute height, but 
is caused almost entirely by the enormous difference in skull length. 
This is evident from the figures in Table 5 and is also clearly shown by 
the two lower drawings in figure 5. The various species of the sub- 
genus Hylobates stand in regard to this proportion between the two 
just mentioned extremes. It is interesting to find that H. lar possesses 
the highest index within its subgenus, whereas H. pileatus is character- 
ized by the lowest index, even though Pocock and Kloss regard the 
latter as a mere subspecies of the former. As will be shown in the 
chapter on limb bones (Table 16), the two species represent opposite 
extremes within the subgenus Hylobates also in regard to their inter- 
membral indices. 

The postorbital breadth in percentage of the biorbital breadth aver- 
ages from 74.0 to 76.7 in Hylobates (with no principal difference be- 
tween the two subgenera), whereas only 67.1 in Symphalangus. The 





PALATE BREADTH 
SKULL BREADTH 





52.1 
54-5 
54.0 
52.4 
52.9 
52.4 
52.8 
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lowest individual value is 61.8 (S. syndactylus), the highest 85.0 (H. 
hoolock). This index was found to rise above 70 in only one of the 
14 siamangs, but in 65 of the 67 gibbons. There exists, therefore, a very 
definite generic difference in this character, according to which the 
brain case behind the orbits is much more constricted in the siamang 
than in the gibbon. 

That this difference is chiefly due to the great development in 
breadth of the orbits in the siamang, is shown by the percentage rela- 
tion between the biorbital breadth and the skull breadth. This propor- 
tion averages 107.6 in Symphalangus, whereas only 99.8 to 104.4 in 
Hylobates. There exists an even more striking generic difference in 
the development in height of the orbit. As shown by the figures 4 and 5, 
the middle of the supraorbital arch projects in the siamangs far beyond 
the midsagittal profile of the frontal bone, whereas in gibbons this arch 
rarely rises above, or in front of, the supraglabellar region. These rela- 
tions are difficult to see directly on the skulls, but are very clear and 
constant in the accurate drawings of the superimposed, parallel, sagittal 
sections. 

To show to best advantage the comparatively great length of the 
palate in the siamang, this length is expressed in percentage of the 
skull length minus the glabellar thickness, which is also so great in this 
primate. This proportion differs most strikingly in the two genera, 
since it averages 63.9 in Symphalangus and only 48.8 to 53.5 in Hylo- 
bates. The ranges of variations do not overlap, since they extend from 
45.6 to 58.7 in the gibbons and from 60.3 to 68.3 in the siamangs. 

The palate breadth, expressed in percentage of the skull breadth, 
averages 62.8 in Symphalangus but only 52.1 to 54.5 in the various 
species of Hylobates. The ranges of variations reach in the latter from 
47.5 to 60.3 and in the former from 56.7 to 68.9. Even though these 
ranges do overlap, the palate breadths differ in the two types very 
significantly, since only three siamangs were found to have indices below 
60, whereas in 66 out of 67 gibbons this index amounted to less than 60. 

The relative dimensions of the palate of Hylobates (Brachitanytes) 
klossit fall within the range of the corresponding averages of the various 
species in the other subgenus. To be exact, the former species has in 
proportion to its brain case the second shortest and fourth narrowest 
palate of all the Hylobatidae. It can now be stated that in the five 
cranial proportions of Hylobatidae the siamang furnishes invariably one 
extreme, whereas H. klossi represents just the opposite extreme in re- 
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gard to relative skull height and stands not far from the opposite 
extremes in the other four indices. A careful study of the figures 4 
and 5 illustrates clearly the conclusion that in regard to the skull there 
exist much smaller differences between the subgenera Brachitanytes and 
Hylobates than between the genera Hylobates and Symphalangus (com- 
pare particularly the two upper drawings in fig. 5). 

The outstanding distinctions between the skulls of siamangs and of 
gibbons are: (1) the brain case of Symphalangus is much larger than 
that of Hylobates, but the palate of the former surpasses in size that of 
the latter to an even greater degree; (2) the skull of the siamang is pro- 
portionately lower than that of the gibbon; (3) the postorbital con- 
striction is more pronounced in the former than in the latter; (4) the 
orbits of the siamang project unusually far in a lateral and in a vertical 
direction; (5) as shown by figure 5, there is little, if any, generic dif- 
ference in the length of the portion of the skull behind the ear openings, 
but the preauricular skull projects in the siamang far beyond the facial 
profile of gibbon skulls. This means, of course, that the ear openings 
are situated farther back in the former than in the latter; (6) the figures 
4 and 5 illustrate the observation that the foramen magnum in the gib- 
bon is directed downward, whereas in the siamang it rather tends to 
point backward. In consequence of this difference the ear-eye horizon 
extends through the middle of the foramen in most siamangs, but lies 
entirely above this foramen in gibbons. 

It is very interesting and suggestive that in regard to all the points 
enumerated the adult gibbon skull resembles very closely the juvenile 
phase of the siamang skull (see, e. g., figs. 4 and 6 in the paper by 
Oppenheim, 1912). Infantile skulls of the two genera show as yet 
but little difference, but the ontogenetic changes in the skull of Sym- 
phalangus appear to be more far-reaching than in that of Hylobates. 
In many respects these extra changes carry the former in a direction 
toward the cranial conditions in the orang-utan. 


c. Squamous portion of temporal bone 


In a former paper the author (1915) has demonstrated that the 
squamous portion of the temporal bone participates to a larger extent 
in the formation of the lateral wall of the cranial vault in higher than 
in lower primates. In the course of his examination of the present 
series of skulls the author became convinced that in general the siamang 
possesses a relatively much larger squama temporalis than the gibbon. 
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Unfortunately, this can be seen, as a rule, in only the sub-adult speci- 
mens, since the sutura squamosa becomes obliterated rather early in the 
Hylobatidae. According to most of the skulls in which this suture could 
still be traced the squama of the gibbons is of approximately the same 
relative size as that of the lower catarrhines, whereas the squama of the 
siamangs is proportionately larger, being at least equal in size to the 
squama of the anthropoid apes (see fig. 6). 


d. Sagittal crest 


It has been shown that the palate and, therefore, the entire dental 
apparatus of the siamang is larger than that of the gibbon and this not 
only in absolute size but also in relation to the size of the brain case. 
For this reason it is to be expected that the siamang has also propor- 
tionately larger temporal muscles than the gibbon. These, in turn, 
would require a relatively larger surface for attachment in the former 
than in the latter. Upon examination it is actually found that the 
temporal lines on the skull approach one another much more closely in 
Symphalangus than in Hylobates. The smallest distance between the 
temporal lines amounts to anywhere from 15 to 40 mm. in gibbons, 
whereas to only 0 to 20 mm. in the siamangs. In two of the fourteen 
adult siamangs, examined by the author, the temporal lines do not only 
actually meet one another, but they form in addition a low mid-sagittal 
crest on the posterior half of the frontal arc and, continuing, along the 
anterior half of the parietal arc. The temporal lines in these two male 
skulls meet the end points of this crest, which is directly comparable to 
the (much larger) mid-sagittal crest in male orang-utans and gorillas 
and which serves to increase the surface area for the attachment of tem- 
poral muscles, too large for the cranial vault alone. In several other 
male siamangs the temporal lines approach one another to as little as 2 
and 3 mm. There was no crest nor a very close approach of the tem- 
poral lines in any of the 67 skulls of adult Hylobates examined. 


e. Cranio-pharyngeal canal 


While measuring the present series of adult skulls of Hylobatidae 
the author recorded the presence and size of a persisting cranio-pharyn- 
geal canal, which penetrates the basisphenoid bone in the mid-sagittal 
plane. No attempt was made to search for such incomplete canals in 
which only the upper portion, opening in the sella turcica, persists. The 
results are listed in Table 7 which contains also some comparative data 
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TABLE 7 


The Cranio-pharyngeal Canal in Adult Hylobatidae and, for Comparison, in Other 
Catarrhine Primates. Cases in Which Only the Upper Opening of the 
Canal is Retained Have Not Been Considered. The Paper by 
Schlaginhaufen Includes Data Quoted From Maggi 
and From Waldeyer 





PRESENT 
IN PER 
CENT OF 
Small Medium Large CASES 





SPECIES (OR GROUP OF SPECIES) SPECIMENS 





Subfamily LASIOPYGINAE 
(Schultz, 1916) 

Subfamily COLOBINAE 
(Schultz, 1916) 


Hylobates lar 

Hylobates agilis 

Hylobates pileatus 

Hylobates concolor 

Hylobates cinereus 

Hylobates hoolock 

Total Subgenus HYLOBATES 
Hylobates klossi 
Symphalangus syndactylus .... 


Genus PONGO 
(Schlaginhaufen, 1907; etc.) 
Genus PAN 
(Schlaginhaufen, 1907; etc.) 
Genus GORILLA 
(Schlaginhaufen, 1907; etc.) 
Genus HOMO 
(Schultz, 1916) 27 





_ 
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for other catarrhine primates, collected partly from papers by other 
authors and partly from the writer’s own observations, published in 
1916. This canal is found most frequently in Hylobates klossi, since 
it is present in 9 out of the 10 skulls examined. In three of these cases 
the canal is wide open throughout its course. In the siamang a canal 
occurs in two thirds of the specimens but is, as a rule, very small. In 
the subgenus Hylobates this embryonic feature persists on an average 
in 35 per cent of adult skulls, large canals being very rare. All these 
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frequencies in Hylobatidae are very high, when compared with the fre- 
quencies of this canal in adults of lower catarrhines, particularly the 
Lasiopyginae. In the latter subfamily a complete canal was found in 
only one of 123 adult skulls examined. In all anthropoid apes a per- 
sisting cranio-pharyngeal canal is very common, particularly in chim- 
panzees. This has recently been confirmed by Cave (1931) who found 
the canal in 64 per cent of chimpanzees, in 35 per cent of gorillas, and 
in 14 per cent of orang-utans. Without giving any supporting data 
Cave claims that age has no bearing upon the incidence of the canal. 
In contrast to this, the writer (1916) found that partly obliterated 
canals occur in man in 31 per cent of juveniles and in only 8 per cent 
of adults. Complete canals were present among 307 monkeys in 10.8 
per cent of juveniles but in only 3.6 per cent of adults. In man com- 
plete canals have been recorded in 0.5 per cent of 771 adults and, ac- 
cording to the data compiled by Cave, in even only 0.2 per cent of nearly 
5,000 adults. Among older human fetuses and young infants, however, 
Limson (1932) discovered large and complete canals in 3.7 per cent of 
the cases. There can be no doubt, therefore, that this canal is much 
more common among young than among old primates. 

A complete or partly obliterated cranio-pharyngeal canal in adult 
primates is very rare in platyrrhines (Schultz, 1916), in the catarrhine 


subfamily of Lasiopyginae, and in man. In the Colobinae the canal 
occurs somewhat more frequently. The gibbons, siamangs, and the 
three large apes are the only primates in which this canal is very com- 
mon. This may be regarded as an additional, although not very sig- 
nificant, reason for assuming a close relationship between the Hylo- 
batidae and the Pongidae. 


f. Mandible 


This discussion of the mandible will be restricted to the most 
characteristic difference between the two subgenera of Hylobates and 
between the two genera of Hylobatidae. These differences exist in the 
formation of the chin, i. e., of the mandibular symphysis. 

Chasen and Kloss (1927) in speaking of Hylobates klossi state: 
“On the general configuration of the skull this gibbon could be referred 
to either Hylobates or Symphalangus. It resembles the latter in that 
the mandibular symphysis is rather more vertical than in the typical gib- 
bons, . . .” In a later paper Kloss (1929) repeats this statement 
and mentions among remarks on the characters of “Hylobates syndac- 





HUMAN BIOLOGY 


oe / 


HYLOBATES AGILIS “C" 


J 
si / oa 


HYLOBATES KLOS 


Fic. 7. Ricut Sipe Views or MANDIBLES 
PROJECTED ON MID-SAGITTAL PLANE 


(DRAWN wITH Dr0PTROGRAPH; DoTTED 
SYMPHYSEAL SEcTIONS DRAWN 
WITH DIAGRAPH) 


Horizontal lines — alveolary horizon; 
broken lines = direction of symphyseal 
profile. 





GROWTH OF GIBBONS 235 


tylus” that “in the skull the chin is only more pronounced and the 
mental symphysis and the profile of the ascending ramus only more 
vertical” than in “the more typical species” of H ylobates. 

These differences are illustrated by the examples in figure 7. In the 
great majority of the gibbons of the subgenus Hylobates the chin is 
receding so that the profile of the symphysis forms a comparatively 
small angle with the alveolary horizon. In Hylobates (Brachitanytes) 
klosst this angle is somewhat larger, but not as large and as nearly a 
right angle as in Symphalangus syndactylus. The chin of the latter is 
less receding than in any other primate, except man. 

According to the rather variable features of the ascending ramus, 
Hylobates (B.) klossi represents one extreme of an uninterrupted range 
of variations extending through the typical gibbons to the siamang at 
the opposite extreme. In the siamang mandible the unusually broad 
ramus stands nearly or entirely perpendicular to the body of the jaw, a 
condition found but rarely in gibbons. 


B. Teeth 


Congenital variations in the number of teeth in the Hylobatidae are 
of special interest in connection with the generic difference in relative 
size of the jaws. No such variations have been observed in any but the 


molar teeth. A reduction in the number of molars has never been 
described, nor has it been seen by the author, in any siamang. On the 
other hand, Giebel (1855) reports the case of a Symphalangus syndac- 
tylus with a fourth molar in the lower jaw, and the author possesses a 
skull (A. S. 265, ¢) of the same species which also has a well-developed 
fourth molar on the right side of the lower jaw. 

In Hylobates supernumerary molars have been found in only one 
instance, namely by Kirchner (1895) in a male H. concolor, which had 
four molars on each side of the upper jaw. According to the same 
author the third molar was congenitally lacking on one side in two out 
of 68 adult H. concolor (once in upper jaw and once in lower jaw). In 
the writer’s material of 68 adult Hylobates (including 11 H. klossi) the 
lower third molars are completely lacking in a male H. agilis (N. M. 
114499). The right upper M3 of this specimen is reduced to a mere 
peg composed of two minute cusps and one root. In another male, H. 
agilis the lower left third molar is equally degenerated, the greatest 
diameter of its crown measuring barely 3 mm. A less extreme, but 
nevertheless pronounced, reduction in size and in number of cusps and 
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of roots is frequently encountered in the last molars of Hylobates. 
Kirchner (1895), having made the same observation on his extensive 
material of H. concolor, concludes: “Der III. Molar zeigt eine Reduc- 
tion in der Hécker- und Wurzelzahl und zwar besonders im Oberkiefer, 
so-dass man annehmen muss, dass er auf den Aussterbeetat gesetzt ist.” 
Duckworth (1915) also states that in the gibbon “the third molar tooth 
bears signs of degeneration.” Finally, in the recent and very thorough 
investigation of the molars of orang-utan and of gibbon Eckardt (1930) 
finds that in Hylobates the third molars are (in exact translation) “in 
most cases subjected to a far-reaching reduction which effects in the 
upper jaw mostly a disappearance of the distal cusp or its extremely poor 
formation.” Incidentally, in this same detailed study Eckardt describes 
many significant generic differences between Hylobates and Sympha- 
langus in regard to the exact morphological conditions of the molar 
teeth. 

It seems very significant that in Hylobates, with its proportionately 
small jaws, a fourth molar occurs in only one of 136 skulls (combined 
material of Kirchner and of Schultz), but congenitally absent third 
molars in three skulls and degenerate third molars in a great many 
other skulls. In the comparatively large jaws of Symphalangus, on the 
other hand, the third molars have never been found to be congenitally 
absent, but fourth molars occur in two out of 15 skulls. 

These data support the assumptions that the tooth row of Hylobates 
tends to become shortened by the gradual elimination of the last molars, 
as in Ateles and in Homo (Schultz, 1925), whereas in Symphalangus 
the opposite trend seems to prevail. This trend consists in the length- 
ening of the jaws, thereby providing room for the addition of fourth 
molars. The latter teeth are fairly common not only in the siamang (13 
per cent of 15 skulls), but also in some other primates with long jaws, 
for instance, in 4 per cent of 112 baboon skulls (Shaw, 1927) and in 20 
per cent of 194 orang-utan skulls (Selenka, 1898). 

In view of the great scarcity of authentic data on the ages at which 
the teeth erupt in Hylobatidae, it seems desirable to record here the 
developmental stage of the dentition in two gibbons of known age. 
These two captive-born specimens are brothers, aged one month and 22 
months respectively, and belong to the species Hylobates leucogenys 
(N. M. 256087 and 256088).? In the baby of exactly 29 days only the 


* For sitting heights, etc., of these specimens see Table VI. 
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two upper middle and the four lower milk incisors have erupted. Ac- 
cording to Spiegel (1929) the same teeth have appeared 26 days after 
birth in a female Java macaque. According to the author’s observa- 
tions on macaques (Pithecus rhesus), born in the Carnegie Colony, the 
ages at which these first six deciduous teeth have appeared can vary 
considerably, as is shown by the following examples: 2 (No. 72) = 18 
days; ? (No. 73) = 21 days; 2 (No. 50) = 21 days; ¢ (No. J) = 28 
days; ¢ (No. H) = 42 days; ¢ (No. G) = 48 days; average age in 
the six specimens = 30 days. In a chimpanzee, born in the Philadelphia 
Zoological Garden, the upper middle and three of the lower incisors 
were all the deciduous teeth which had erupted when the animal died 
at the age of six months and 12 days (Schultz, 1930). According to 
Brandes (1928) the last of the upper middle and the lower incisors (as 
well as the first lower milk molars!) erupted in a captive-born orang- 
utan at the age of six months and 25 days. It can be stated, therefore, 
that the first six deciduous incisors appear in the gibbon as early as in 
the macaque (I month) and much earlier than in the anthropoid apes 
(6 to 7 months) and man (6 to 12 months). It is quite possible, of 
course, that the age of eruption of these teeth varies in the gibbon at 
least as much as it does in the macaque. This is made probable by the 
brief statement by Robinson (1925) concerning a Hylobates lar, born 
in the Rangoon Zoological Garden. This “gibbon which died within six 
weeks of its birth had four incisors at the time of its death.” In 
Brandes’ orang-utan four incisors (and no other teeth) were present 
at the exact age of five months. 

‘The second young gibbon has at the age of 22 months all of its 
milk teeth, except the upper middle incisors which have already been 
replaced by the corresponding permanent teeth, and all four of the 
first permanent molars. This exact dental stage is not well-suited for 
comparisons, because the permanent incisors follow the first permanent 
molars at widely varying intervals. In the macaques of the Carnegie 
Colony the first permanent molars erupt usually during the last four 
months of the second year, but the first permanent incisors do not 
follow in most cases until the ages of 2 years and 4 months to 2 years 


* Exactly the same teeth are present in the skull of a juvenile H. concolor, which 
had by some mistake been labelled in the field as “nursing infant, 244 months old,” 
and thus misled Kirchner (1895) to the impossible conclusion that in the gibbon the 
complete milk dentition is present at or very soon after birth and is changed at an 
extremely early age! 
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and 10 months. No corresponding data could be found for anthropoid 
apes of actually known age. The male gorilla “Bamboo” at the Philadel- 
phia Zoological Garden had, when first examined by the author, his 
complete set of milk teeth. By careful comparisons of weights and 
measurements with various data in the literature (Schultz, 1930) his 
age was estimated at 14 months. Exactly two years later the tooth 
formula of “Bamboo” had not yet changed. At the third examina- 
tion seven months later, or at the estimated age of 45 months, all four 
first permanent molars had fully erupted and the upper middle milk 
incisors appeared to be ready to drop out. “Negi,” the male gorilla at 
the National Zoological Park, possessed all his milk teeth when first 
examined at the carefully estimated age of 24 months. Exactly 18 
months later, or at the estimated age of 42 months, the author ex- 
amined “Ngi” for the second time and found that all the first perma- 
nent molars were almost completely erupted but there was no sign of an 
impending change in incisors. At the third examination two years 
later, when “Ngi” had died at the estimated age of 5% years, it was 
found that the permanent middle incisors had erupted in both jaws, 
though the right upper middle deciduous incisor had not yet been cast 
off. In the female gorilla “Pensorosa” of the New York Zoological 
Society the first permanent molars erupted after two years in captivity 
at the estimated age of 40 to 42 months (Noback, 1930). It seems safe 
to conclude that the first permanent incisors do not erupt in the gorilla 
until it is at least four to five years old. In man this happens at the 
approximate age of seven years or even more. When the author ex- 
amined the female chimpanzee “Aprilla” and the male orang-utan “Nor- 
suto” at the Philadelphia Zoological Garden, where they had been born, 
no permanent teeth had appeared as yet, though these apes were respec- 
tively 23 and 21 months old, i. e., of the same age as the second young 
gibbon with his first permanent molars and incisors. 

On the basis of these notes it can be concluded that not only the first 
few deciduous teeth but also the first permanent molars and incisors 
appear in the gibbon at approximately the same ages as in the macaques 
and at much earlier ages than in the anthropoid apes and man. 

Keith (1931) has recently stated that the “milk teeth of the gibbon 
begin to appear just after birth and are fully in place by the time it is 6 
months old. The permanent dentition begins in the third and is com- 
plete in the seventh year.” According to the present records this should 
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be changed to read: The permanent dentition begins during the second 
half of the second year. 

It is to be regretted that there exist at present no data with which 
to answer the interesting question whether or not the teeth erupt at 
somewhat later ages in the siamang than in the gibbon. 


C. Spinal Column 


The number of vertebrae in the different spinal regions varies a 
great deal in different primates. In regard to these conditions the gib- 
bons and siamangs have already been compared with other primates in a 
previous paper by the author (1930). With a considerable amount of 
additional data it has become possible in this study to discuss in par- 
ticular the differences in the number of vertebrae between the two sub- 
genera of Hylobates and between the two genera of the Hylobatidae. 
That such differences do exist is readily seen by the figures in the 
Tables 8 to 13. 


TABLE 8 


Percentage Distribution of Variations and Averages of the Number of Thoracic 
Vertebrae. The Figures in the Tables 8 to 13 are Based Upon the Combined 
Data Listed in the Tables V and VI of the Previous Paper by the 
Author (1930) and in Table III of the Present Paper 





THORACIC VERTEBRAE 





SPECIES OR SUBGENUS SPECIMENS 
12 13 14 





Hylobates klosst wks 100.0 
Hylobates (subgenus) 17.1 75.7 
Symphalangus syndactylus .... 14.3 85.7 





TABLE 9 


Percentage Distribution of Variations and Averages of the Number 
of Lumbar V ertebrae 





LUMBAR VERTEBRAE 


SPECIES OR SUBGENUS SPECIMENS 6 
4 5 








Hylobates klosst bus 80.0 20.0 
Hylobates (subgenus) 7.1 88.6 43 
Symphalangus syndactylus .... 47.6 47.6 4.8 
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TABLE 10 


Percentage Distribution of Variations and Averages of the Number 
of Thoracolumbar V ertebrae 





THORACOLU MBAR VERTEBRAE 


SPECIES OR SUBGENUS SPECIMENS 6 AVERAGE 
I 19 








Hylobates klossi rs ’ 20.0 18.2 
Hylobates (subgenus) ns 5.3 17.9 
Symphalangus syndactylus .... . AS 17.4 





TABLE 11 


Percentage Distribution of Variations and Averages of the Number 
of Sacral Vertebrae 





SACRAL VERTEBRAE 





SPECIES OR SUBGENUS SPECIMENS > 
4 





Hylobates klossi 
Hylobates (subgenus) 7" 
Symphalangus syndactylus .... 5.0 





TABLE 12 


Percentage Distribution of Variations and Averages of the Number 
of Coccygeal Vertebrae 





COCCYGEAL VERTEBRAE 


SPECIES OR SUBGENUS SPECIMENS AVERAGE 
. @& +8 “4 8 








Hylobates klossi Rid a 40.0 60.0 4.6 
Hylobates (subgenus) 8.9 30.3 33.9 125 5.4 2.7 
Symphalangus syndactylus .... 77 263 Ghd O62 «4: 28 





TABLE 13 


Percentage Distribution of Variations and Averages of the Total Number 
of Vertebrae 





SPECI- TOTAL NUMBER OF VERTEBRAE  AVER- 
MENS 30 31 32 33 34 35 # £AGE 





SPECIES OR SUBGENUS 





Hylobates klossi han. aes oe 40.0 60.0 34.6 
Hylobates (subgenus) 7-1 339 32.1 143 89 3.7 31.9 
Symphalangus syndactylus .... 7 fm wes we cr “OE 
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All five specimens of Hylobates (Brachitanytes) klossi have 13 
thoracic vertebrae. In the subgenus Hylobates there are still a few cases 
with 14 of these vertebrae, a number which has not been found in Sym- 
phalangus and, incidentally, never in orang-utan and in man. The pro- 
gressive variation of only 12 thoracic vertebrae is more common in the 
Hylobatidae than in the two African anthropoids. 

According to the average numbers of lumbar vertebrae (Table 9) 
the subgenus Brachitanytes is the most primitive and the genus Sym- 
phalangus the most advanced group of the Hylobatidae. Only four 
lumbar vertebrae do not occur in the former, but are found in 48 per 
cent of the latter group. On the other hand, the retarded variation of 
six vertebrae is found in one of the 5 H. (B.) klosst, whereas in only 
one out of 21 siamangs. With an average of only 4.6 lumbar vertebrae 
the siamang of all Hylobatidae approaches most closely the condition in 
the orang-utan, which possesses on an average 4.0 lumbar vertebrae. 

The combined number of thoracic and of lumbar vertebrae (Table 
10) varies among Hylobatidae between 16 and 19. The group averages 
extend from 17.4 to 18.2 and fall between the averages of lower catar- 
rhines (macaque = 18.9) and those of the large apes and man (16.0 to 
17.0). Hylobates (B.) klossi is again found to be most primitive, no 
specimen having only 17 thoracolumbar vertebrae. The subgenus Hylo- 
bates represents an intermediate phase in the evolutionary trend toward 
reduction of the presacral vertebrae. Nineteen thoracolumbar vertebrae 
still occur in 5 per cent of the cases, whereas only 17 of these vertebrae 
are present in 18 per cent of the spinal columns. In the siamang cases 
with 19 of these vertebrae have disappeared completely and only 17 
vertebrae have become very frequent, being found in nearly half of 
the cases. In one specimen * this number has already become reduced 
even to 16. It is very interesting that a gradual reduction in the number 
of thoracolumbar vertebrae is clearly recognizable even within the 
family H ylobatidae and that it is the siamang which has, as in so many 
other features, progressed most (see fig. 8). 

In regard to the number of sacral vertebrae the Hylobatidae again 
bridge the gap between the lower catarrhines, with 3 vertebrae, and the 


*This juvenile siamang was embalmed and partly dissected by the author. 
With the spine still intact it was found to contain only 12 thoracic and 4 lumbar 
vertebrae. The unusually low figure of 16 thoracolumbar vertebrae can, therefore, 
not be suspected as being due to the accidental loss of a vertebra during or after 
the preparation of the skeleton. 
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large apes and man, with 5 and more vertebrae (Table 11). It is sig- 
nificant that the only case with 6 sacral vertebrae among the 90 Hylo- 
batidae in Table 11 is a siamang. 

All the specimens of Hylobates (B.) klossi, which have been ex- 
amined, had either 4 or 5 coccygeal vertebrae. In other gibbons and in 
siamangs 3, 2, and even only 1 coccygeal vertebrae are frequent varia- 
tions (Table 12). In no other primates, not even the large apes and 
man, has the caudal portion of the spine become reduced to as few 
vertebrae as in the gibbons. 

The total number of vertebrae (Table 13) varies in Hylobatidae 
between 30 and 35, i. e., within the total range of variations among the 
anthropoid apes and man. The isolated extremes of the latter range 
are 29 vertebrae in a few orang-utans and 36 vertebrae in one chim- 
panzee (Schultz, 1930). None of the five specimens of Hylobates (B.) 
klosst have less than 34 vertebrae and their average number is three 
vertebrae higher than the average total number of vertebrae in the 
siamang. The highest individual variation in siamangs is 33 vertebrae 
and the average number (31.6) is the second lowest figure for any 
primate, the minimum (30.8) occurring in the orang-utan (see fig. 8). 

In regard to the number of vertebrae the Hylobatidae stand between 
the lower and the highest catarrhines, being nearer to the latter than 


to the former. The spine of the subgenus Brachitanytes is in general 
more primitive than that of the typical gibbons. The vertebral varia- 
tions in Symphalangus have progressed farther than in any species of 
Hylobates. 


D. Sternum 


In a paper on the skeleton of higher primates the author (1930) 
has already shown that the Hylobatidae possess a comparatively short 
and broad sternum which separates these primates sharply from the 
lower catarrhines. With the additional data in Table IV new averages 
for the proportions of the sternum have been calculated and listed in 
Table 14. The combined length of manubrium and corpus averages in 
the gibbons 57.2 mm. but in the much larger siamangs only 52.2 mm. 
In the latter the length of the manubrium amounts to nearly 80 per cent 
of the length of the corpus, whereas in the former to only about 50 per 
cent. From this can be concluded that the excessive shortening of the 
sternum in the siamang has affected the corpus sterni in particular. The 
relative breadth of the manubrium is very great in all Hylobatidae and 
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TABLE 14 


Average Proportions of the Sternum in Hylobatidae, Based Upon the Combined 
Data Listed in Table XI of the Previous Paper by the Author (1930) 
and in Table IV of the Present Paper 
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is equalled among all catarrhines by the chimpanzee alone. The rela- 
tive breadth of the corpus differs strikingly in the two genera, being 
very much smaller in gibbons (37) than in siamangs (61). It is sig- 
nificant that only the orang-utan approaches this relative breadth of the 
corpus in the siamang. The latter is distinguished by possessing not 
only the relatively shortest but also the proportionately broadest corpus 
sterni of all primates. In regard to the proportionate length and breadth 
of the corpus, Hylobates (B.) klossi stands between the gibbons proper 
and the siamang, though it is much less removed from the former than 
from the latter. In the subgenus Hylobates there are still occasionally 
found individuals with a very primitive type of corpus sterni, which is 
long and narrow, in which all the different segments remain separate to 
adult life, and which is still associated with 8 pair of sternal ribs. Such 
a case in a H. leucogenys (N. M. 240495) has been described in the 
former paper by the writer (1930) and has since been found in a second 
adult specimen of the same species (N. M. 256436; 5 separate segments 
for the narrow corpus sterni). That this, however, is not a species 
character is shown by the fact that in two other specimens of H. leu- 
cogenys (N. M. 256439 and 256088) the sternum is, as usual, short 
and broad, having in the adult only two segments for the corpus sternt 
and the seventh pair of ribs barely reaching the sternum with extremely 
slender cartilaginous rods. 
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E. Pelvis 


The pelves of the Hylobatidae represent in many respects not only 
one intermediate phase, but a series of connecting links between the 
pelves of the catarrhine monkeys on the one hand, and those of the 
anthropoid apes on the other. As shown, for instance, by figure 9, the 





Hylobates agilis of jobates lar co” jobates klossi of Symphalangus syndact 
NM ar 907 a NM 49056 AS 30 a 


Fic. 9. Exact Front Views oF THE PELVIS IN ADULT 
HYLOBATIDAE 


All reduced to the same total height (drawn with dioptrograph). 
The right ilia have been dotted to facilitate a comparison between 
the different forms. 


pelvis of the gibbon is still not far removed from the pelvic conditions 
in monkeys, whereas the pelvis of the siamang resembles already the 
anthropoid type of pelvis. In regard to the pelvic breadths Hylobates 
(B.) klossi is intermediate between the true gibbons and the siamangs. 
These conditions are accurately expressed by the figures in Table 15. 
The ilium breadth in percentage of the ilium length amounts to as much 
as 48 in catarrhine monkeys; it averages only 51 in the true gibbons, but 
60 in H. klossi. In the siamang the ilium has become still broader, the 
relative breadth averaging 61.2 and amounting in one case to 66.3. The 
latter value surpasses the corresponding indices in many chimpanzees 
and in at least one orang-utan. Among Hylobatidae the ilium of the 
siamang is not only unusually broad, but also exceptionally long, where- 
as the ischium is comparatively short. If the ilium breadth, therefore, 
is expressed in percentage of the ischium length, one obtains an index 
which is always much higher in Symphalangus than in any Hylobates. 
Among the latter this index varies between 97 and 133, whereas in the 
former between 144 and 167. By means of this proportion one can 
readily diagnose the genus to which a particular pelvis belongs. The 
minimum value of this index (97) among Hylobatidae equals approxi- 
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mately the maximum value (100) among the lower primates, and the 
highest value (167) among H ylobatidae coincides with the average value 
of adult gorillas. 

It should also be noted that, according to the figures in Table 15, the 
absolute length of the ilium measures always more than 100 mm. in 
adult siamangs, whereas always less than 100 mm. in gibbons. By com- 
parison with the former data of the author (1930) it is found that 
among all primates the siamang possesses the highest averages in regard 
to two pelvic indices: The ilium length in proportion to the ischium 
length and the pubis length in proportion to the ischium length. Ac- 
cording to this, the pelvis of the siamang is characterized by an 
exceptionally long ilium and pubis in combination with an unusually 
short ischium. These are undoubtedly phylogenetically late specializa- 
tions, having occurred after the separation between the two genera of 
the Hylobatidae. 


F. Limb Bones 


As shown by Table 16, the humerus of Hylobates (B.) klossi is on 
an average much shorter than the humeri of the different species in the 
subgenus Hylobates. In individual cases, however, the humerus length 
of the former rises to 215 mm. (see Table V), whereas among the latter 
this measurement can be as low as 200 mm. in fully adult specimens 
(Table XVI, Schultz, 1930). The siamang, as would be expected, 
possesses by far the longest humerus of all Hylobatidae. The shortest 
humerus of any adult siamang measures 256 mm., whereas the longest 
humerus among the 46 adult gibbons reaches only 252 mm. The maxi- 
mum humerus length of siamangs (289 mm.) surpasses the length of 
this bone in many adult chimpanzees. 

The brachial index expresses the length of the radius in percentage 
of the length of the humerus. According to the averages of this pro- 
portion, listed in Table 16, the radius is ten and more per cent longer 
than the humerus in all adult Hylobatidae. This represents a new 
specialization which has reached a greater extreme in this family than 
in any other Simiae. The orang-utan can approach gibbons in this 
respect, since the maximum brachial index of this ape amounts to 108.5. 
The maximum individual value in Hylobatidae is 123.9. The relatively 
longest forearm is found in H. (B.) klossi (average 116.5) and prob- 
ably in H. leucogenys (average of 2 adults in Table 2g = 116.1), the 
relatively shortest one in H. hoolock (average 109.6). 
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The so-called crural index expresses the length of the tibia in per- 
centage of the length of the femur. The averages of this proportion are 
remarkably constant among the Hylobatidae; the minimum of 86.1 is 
found in the siamang and the maximum of 89.7 in H. (B.) klossi. The 
latter, therefore, possesses not only the proportionately longest forearm, 
but also the relatively longest leg. In lower catarrhines the crural index 
is on an average higher (91.2) than in the Hylobatidae, whereas in the 
African anthropoids and in man it is lower (78.0 to 86.6). 

The sum of the lengths of the humerus and the radius in percentage 
of the sum of the lengths of the femur and the tibia forms the intermem- 
bral index of the skeleton. In the lower primates, with few individual 
exceptions, the long bones of the upper extremity are shorter than those 
of the lower one and, consequently, the intermembral index lies below 
100. The Hylobatidae and anthropoid apes are sharply distinguished 
from the monkeys by possessing intermembral indices above 100, i. e., by 
having proportionately long arms. Among the Simidae the chimpanzee 
has the lowest intermembral index with an average of only 108. In the 
genus Gorilla these averages range from 112 to 117. The next higher 
averages occur in the genus Hylobates, namely 124 to 132. These values 
are followed by the average of 144 for the orang-utan. Finally, the 
highest intermembral index among all primates exists in the siamang, 
the average amounting to 148.3 and the individual values ranging to as 
much as 155. In regard to this important and relatively constant pro- 
portion, therefore, the siamang stands nearer to the orang-utan than to 
the gibbons. The ranges of individual variations do not overlap in the 
two genera of the Hylobatidae. If, in a doubtful case, the intermembral 
index is obtained as less than 140, the owner belongs to the genus Hylo- 
bates ; if, on the other hand, the index should amount to more than 140, 
the animal must be a Symphalangus. 

Within the genus Hylobates there exist apparently some species dif- 
ferences in regard to this proportion. The highest average is found 
in H. lar and the lowest one in H. pileatus. The ranges of variations 
of the two species do not overlap. This is of particular interest because 
Pocock (1927) and Kloss (1929) regard H. pileatus as a mere sub- 
species of H. lar. The writer cannot agree with this opinion, because 
the two types of gibbon represent opposite extremes not only in regard 
to this comparatively constant intermembral index but also in regard to 
the relative height of the skull and the relative length of the palate (see 
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Table 6). The presence of such skeletal differences is certainly at 
least as significant as the absence of constant differences in hair color. 

In regard to the limb proportions H. (Brachitanytes) klossi belongs 
unquestionably to the genus Hylobates. Among all Hylobatidae, H. 
klossi possesses the highest brachial index, the highest crural index, and 
the second lowest intermembral index. Symphalangus syndactylus 
represents just the opposite extreme in regard to the last two indices 
and almost the opposite extreme in regard to the brachial index. Of 
the differences in limb proportions between the various Hylobatidae no 
others are nearly as great as the one between the intermembral indices 
of the siamang on one side and all the gibbons on the other. 


CHAPTER 4. OUTER BODY 


G. Hair 


In a special paper on the density of hair in primates the author 
(1931) has demonstrated a striking generic difference between the gib- 
bons and the siamangs, according to which the former are much more 
hairy than the latter. Table 17 serves to show this entirely unexpected 
difference which is not apparent, unless the numbers of hairs have 
actually been counted on sample areas of skin of well preserved speci- 


mens. After his first investigation of hair density the author examined 
the largest of the preserved specimens of Hylobates (Brachitanytes) 
klossi. The surprising result shows the density of hair in this animal 
to be very much more scanty than in the typical gibbons, but to agree 
closely with the density of the hair of the siamang. That the approxi- 
mate total numbers of hairs are higher in the latter than in the former 
is due to the difference in surface area between the large and the small 
animal. 

The subgenus Hylobates is characterized by a very great density of 
hair which, as was shown in the previous study, equals approximately 
the average density in platyrrhines and surpasses the density of many 
catarrhine monkeys. In the subgenus Brachitanytes and in the genus 
Symphalangus the density of hair is more scanty than in most lower 
catarrhines, but it is still somewhat greater than in anthropoid apes in 
which this density has become tremendously reduced. 
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In the true gibbons * the region of the throat bears, as a rule, as 
dense a coat of hair as the chest. In H. klossi, on the other hand, the 
hair in this region is decidedly less dense than on the surrounding skin, 
at least in the few specimens examined by the author. In the siamang, 
finally, this region bears only a few scattered hairs and has become 
specialized into a large throat pouci: (see figure A, plate 1). This 
throat pouch does not develop until the early juvenile stages of growth. 
It is present in both sexes, though very much larger in full-grown males 
than in any females. The presence of this pouch alone would justify the 
generic separation of the siamang from all other Hylobatidae. 

It is frequently stated in the literature that all hair of the siamang 
is black. The adult specimens examined by the author, however, have 
hairs of a yellowish-white color on the upper and the lower lip and on 
the chin (plate 1,4). In at least two of the largest siamangs the throat 
pouch also bears hair of this light color. 

To these notes on hair may be added some remarks on the direction 
of the hair. Since the writer’s observations agree essentially with what 
Chasen and Kloss (1927) have already stated, their conclusions will be 
quoted in the following: 

In most of the typical gibbons we have examined the hair on the outer side of 
the forearm points toward the wrist: in the siamang it points to the elbow. Among 
the Mentawi animals (H. klossi) the two Sipora specimens have the hair pointing 
towards the elbow as in our siamangs, but in the Siberut series (also H. klossi!) 
the hair on the distal half of the outer forearm points toward the wrist. A mounted 
topotype from the Pagi Islands has the hair of one forearm pointing towards the 
wrist and of the other towards the elbow. 

As in regard to so many other characters, it is again found that the 
siamang differs from the typical gibbons and that the subgenus Brachi- 
tanytes occupies with various features an intermediate position. 


H. Digital Webbing 


It is frequently supposed that the cutaneous webbing between the 
second and third toes is a peculiarity restricted to Symphalangus syndac- 
tylus, as its name would imply. That this, however, is not the case, is 


*In a few old male gibbons it was found that a small zone of skin above the 
suprasternal notch bears strikingly scanty and short hair which gradually becomes 
denser and longer as it approaches the sides of the neck, the chin and the chest. 
This condition is clearly present, e. g., in a large adult male Hylobates leucogenys 


(No. 256439, N. M.). 
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TABLE 18 


Cutaneous Webbing Between the Toes II and III in Hylobatidae According to the 
Author’s Observations and the Data by Schwalbe (1911) and by Straus 
(1926). Webbing “to the Middle of Basal Phalanx” is Extremely Short 
Because the Sole of the Foot Reaches Practically that Far 





SPECIES OR SUBGENUS 


SPECIMENS 

TO MIDDLE OF 
BASAL PHALANX 
BASAL PHALANX 
TO MIDDLE OF 
MIDDLE PHALANX 
MIDDLE PHALANX 





PRESERVED SPECIMENS (Schultz) 
Hylobates concolor 

Hylobates lar 

Hylobates cinereus 

Hylobates pileatus 

Hylobates agilis 

Hylobates leucogenys 

Hylobates klosst 

Symphalangus syndact. .......0.seee0e 


PRESERVED FETUSES (Schwalbe) 
Subgenus Hylobates 
Symphalangus syndact. .............00: 


SKINS (Straus) 
Subgenus H ylobates 
Symphalangus syndact. ........002e000. 


PERCENTAGE FREQUENCIES IN 

THE COMBINED SERIES 
Subgenus H ylobates 12 
Subgenus Brachitanytes 25 75 
Genus Symphalangus 25 33 


COMBMU AL 
se OO rH O HW 
NQ 0 On 0 OO 
aocoocoeoe 8 8 














evident from the data collected in Table 18. In the siamang this web- 
bing can extend farther than in any of the gibbons, namely to the second 
interphalangeal joint, but this happens in only 20 per cent of the cases. 
In 4 per cent of the typical gibbons toes II and III are united as far as 
the middle of the middle phalanges and in 12 per cent as far as the 
distal end of the basal phalanges. In a number of siamangs, on the 
other hand, this webbing is no more developed than in many gibbons; 
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indeed, in 22 per cent of the former there exists practically no webbing, 
whereas in 16 per cent of the latter the second and third toes are 
clearly webbed. Digital webbing, therefore, cannot be regarded as a 
character distinguishing the genus Symphalangus; it occurs also in the 
gibbons and in a variety of other primates. For instance, in at least two 
of the many chimpanzees examined by the author toes II and III are 
united by a cutaneous web as far as the distal interphalangeal joint. In 
Hylobates (Brachitanytes) klossi extensive webbing seems to be more 
common than in the subgenus Hylobates, but it has not been seen to 
reach quite as far as in some siamangs. This agrees with the finding 
of Kloss (1929) who states that in H. klossi “the digital webs are less 
developed than in the Siamang but more so than in many other gibbons.” 


I. Length of Digits 


In all lower catarrhines the second finger is shorter than the fourth 
finger and the second toe is shorter than the fourth toe. The same rela- 
tion exists in all orang-utans and in the great majority of chimpanzees 
and gorillas. In a few of the African apes, however, the second digit 
is as long as the fourth on the hand as well as on the foot, and in 3 out of 


TABLE 19 


Relations in Length Between the Digits II and IV. Observed on the Outer Hands 
and Feet of Preserved Specimens. II<IV = Digit II Shorter Than 
Digit IV ; II > IV = Digit II Longer than Digit IV 
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48 preserved chimpanzees the second toe surpasses the fourth in length. 
In man the second toe always projects beyond the fourth and the index 
finger is very frequently longer than the ring finger. Man, therefore, 
would differ in these respects from all the other primates, were it not 
for the conditions in the Hylobatidae. In the latter family, as shown by 
Table 19, the second digit reaches either as far as the fourth or even 
farther in the great majority of cases. This is particularly common in 
the siamangs, among which only one out of 14 specimens has the second 
finger shorter than the fourth. Among gibbons this relation still occurs 


in 14 out of 49 specimens. 
(To be concluded) 
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TRENDS IN THE FERTILITY OF SOCIAL 
CLASSES FROM 1900 TO 1910 


BY CLYDE V. KISER 


This paper concerns itself with changes in the fertility of specific 
social classes during the first decade of the century. Trends of the 
general birthrate in this country have frequently been studied but in 
only a few instances have factual investigations been made of the differ- 
ential changes with reference to social classes. Baber and Ross? and 
Sydenstricker * made such studies on the basis of small samples. Note- 
stein and Sallume* have recently compared the completed fertility of 
married women at different age levels for whom data were extracted 
from the 1910 Census returns. The present study is based upon data 
taken from the 1900 and 1910 Census data for married women of child- 
bearing age. 

In the censuses of 1890, 1900, and 1910, the enumerators asked each 
married woman the number of children she had borne. The returns 
were never tabulated by the Bureau of the Census, however, and except 





by Hill ® remained practically untouched for a long time. 


* This is the eleventh study of differential fertility carried out under the auspices 
of the Division of Research, Milbank Memorial Fund. It is the first based upon 
1900 Census data. With the exception of (f), the articles listed in the Appendix 
are based exclusively upon the 1910 Census material. The writer wishes to express 
his indebtedness to Dr. Frank W. Notestein for his invaluable assistance in the 
preparation of this paper. 

* Baber, R. E., and Ross, E. A.: Changes in the Size of American Families in 
One Generation. University of Wisconsin Studies in the Social Sciences and 
History, No. 10, Madison, 1924. 

* See (f), Appendix. 

*See (g) and (i), Appendix. 

*Dr. Joseph A. Hill tabulated samples from the 1900 Census returns as the 
basis for a study, Fecundity of Immigrant Women. While this study indicates in 
a broad manner class differences of fertility, it was concerned with showing differ- 
ences in fertility according to nativity and country of birth rather than social 
class per se. 

Hill, Joseph A.: Fecundity of Immigrant Women. Reports of the Immigra- 
tion Commission, Washington, Government Printing Office, 1911, xxviii, pp. 


731-826. 
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Inasmuch as the occupations of husbands of women who had borne 
specified numbers of children were recorded, these data are well adapted 
to the study of fertility of social classes.* For this reason, the Milbank 
Memorial Fund undertook to study the fertility of a sample of approxi- 
mately 100,000 native born white women living in thirty-three cities of 
100,000-500,000 population and in rural areas north of the Mason and 
Dixon Line. 

Through the codperation of Professor W. F. Ogburn, Director of 
Research of the President’s Research Committee on Social Trends it 
was possible to secure analogous material from the 1900 Census, and 
thereby to study the trends in the fertility of various social classes from 


1900 to IQIO. 
THE COMPARABILITY OF THE TWO SAMPLES 


Since the 1900 data were confined to women living in the East North 
Central States, the comparison of rates of 1900 with those of 1910 was 
limited to this area. The data from the two censuses are similar in 
essential respects such as nativity, race, age, marital status,” type of 
community, and division into social classes. Only native white married 
women under 45 years of age living at the time of enumeration with 
husbands of like nativity are considered in this study. Similar divisions 
of the data with respect to urban and rural residence were made. It will 


*For some years the Bureau of the Census has published annually the average 
number of children ever born to mothers bearing children that year, by age of 
mother and occupation of father in the registration area of continental United 
States. These data, however, are not given separately by race, nativity, or rural 
and urban residence, and cannot in the nature of the case take account of child- 
less women. The value of such data for studies of differential fertility according 
to social class is therefore considerably diminished. 

"The 1910 data were taken only for native white married women from families 
in which neither the husband nor wife had been married more than once. Informa- 
tion concerning the number of times married could be obtained directly from the 
1910 Census schedules. In case of 1900 data, however, the information was lacking 
and had to be secured in an indirect manner. If the duration of marriage exceeded 
the age of the oldest child, it was assumed that neither the husband nor the wife 
had been married more than once. The inadequacy of the method consisted in the 
fact that it did not eliminate those cases in which the earlier marriage was child- 
less and those in which all of the children either had died or had left home prior 
to the 1900 enumeration. It seems reasonable to believe, however, that the number 
of cases thus erroneously included in the sample is small and that they comprise 
a group whose earlier marriages were least likely to modify the fertility of exist- 
ing unions. 
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be noted from Table 1 that cities represented in the 1910 urban sample 
are generally larger than those of the 1900 sample. The cities included 
in both samples, Columbus, Dayton and Grand Rapids, had normal 
increases of population during the decade. Peoria and Evansville, rela- 
tively small cities in 1900 were included only in the sample drawn from 
the census of that date. Cincinnati, Toledo, Indianapolis, Detroit, and 
Milwaukee, relatively large cities, were included only in the IgI0 
sample. It is believed, however, that such differences would not vitiate 
a temporal comparison of urban fertility rates.* Although the cities 
considered in the two enumerations roughly range in population from 
50,000 to 450,000, all of them could be regarded as moderately urban 
communities. None could be considered as villages or metropolises in 
1900 or 1910. The rural samples from the two enumerations were 
drawn in large part from identical counties. Variations are indicated 
in Table 2. 

Precisely the same system as was used in preceding studies of the 
1910 data was followed in building up social classes from specific occu- 
pations.® As pointed out in the previous studies, the reported husbands’ 


*In order to ascertain whether or not fertility is associated with differences 
of population within a group of moderately urban communities, birth rates (births 
per 100 wives, standardized for age) for two social classes were computed for each 
city represented in the 1910 sample. The following results were found: 





Cities of More Births per 100 Wives Births per 100 Wives 
than 200,000 Business Skilled Cities under Business Skilled 
in I910 Class Workers 200,000 in 1910 Class Workers 
Detroit 130 167 Columbus 147 205 
Milwaukee ... 142 151 130 182 
Cincinnati .... 137 193 Dayton 156 181 
Indianapolis .. 150 208 Grand Rapids ... 144 181 














From Table 1, it will be noted that the four largest cities had more than 
200,000 population and the four smallest fewer than that number. The range in 
the rates for either social class however, is practically the same in the two groups 
of cities represented. Without doubt the influence of urbanization upon the birth 
rate may be seen when communities differing widely in size are compared. The 
above data, however, indicate that among moderately urban communities size of 
population is not of first consequence. It seems, therefore, that the comparison of 
1900 and 1910 urban fertility rates should not be invalidated by differences in the 
sizes of the cities represented in the two samples. 

*For a full discussion of the division of wives into social classes, see Syden- 
stricker, Edgar, and Notestein, F. W.: Differential Fertility According to Social 
Class. 
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TABLE 1 
imple 
oe Total Population of Cities and Number of Native White Married Women of 
| al Native Parentage for Whom Fertility Data were Extracted 
pe from the 1900 and 1910 Census Schedules 
Tela- 
Sees 1900 1910 
and Total Number of Total Number of 
. Popula- Women Popula- Women 
ag9 tion Considered tion Considered 
itiate 
iti Columbus 5,292 181,511 2,500 
aes Cincinnati Ayre 363,591 1,305 
from 3,842 116,577 2,010 
rban io 168,497 1,457 
es in Indianapolis Read 233,650 4,432 
were ae ; = : =~ 
; Grand Rapids 1,631 112,571 7 
ated Detroit ksi 465,766 
, 1,605 
. the ne 
cCu- 47* 
inds’ 13,800 
*The women represented here resided in one of the localities listed above, but 

ences the specific residence is unknown due to errors or omissions in coding. 
irths 

cach TABLE 2 

Geographic Distribution of Rural Native White Married Women of Native 

Vives Parentage for Whom Fertility Data Were Extracted From 

_ the 1900 and 1910 Census Schedules * 

‘kers 

1900 1910 





934 2,810 
Michigan 1,851 1,272 
Illinois 1,273 


5 
2 2,931 6,871 
" 


204 


1f oan 

6,990 11,247 
* The 1900 rural sample was drawn from the following counties in the several 
states: Ohio: Fayette, Highland, Madison, Medina, and Wood; Indiana: Orange, 
Randolph, and Steuben; Michigan: Allegan, Gratiot, and Lenawee ; Illinois: Bureau, 
Champaign, and Jersey. Illinois was not included in the 1910 rural sample but data 
were drawn from Wisconsin counties: Grant, Jefferson, Sheboygan, and Trem- 
pealeau. All of the counties in the three remaining states of the 1900 rural sample 
were included in the 1910 sample. Tuscarawas and Wayne counties, Ohio; White 
County, Indiana; and Huron County, Michigan were also represented in the 1910 

rural sample. 


t Due to error in coding. 
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occupations do not furnish entirely satisfactory criteria for the assign- 
ment of wives into social classes. Aside from the inaccuracies of re- 
porting occupations and aside from the wide range of character and 
training of individuals represented in specific occupations, it is well 


TABLE 3 


Distribution of Married Women of Native White Parentage for Whom Fertility 
Data Were Extracted From the 1900 and 1910 Census Schedules 
According to Occupational Group and Social Class of Husbands 





SOCIAL CLASS AND OCCUPATIONAL GROUP NUMBER OF WOMEN 
1900 1910 

25,357 

14,110 














Professional 2,060(1) 
Lawyers, judges, and justices 487 
Physicians and surgeons (2) 495 
Technical engineers (3) 233 
Teachers in colleges and schools (4) 189 
Clergymen 171 
Dentists 


Editors and reporters 
Architects 
Other professional persons (5) 


Real estate agents and officials 

Bookkeepers and cashiers 

Builders and building contractors 
Manufacturers and officials of manufacturing 
Managers and superintendents of manufacturing 
Insurance agents and officials of insurance companies. . 
Brokers, commission men and promoters 
Wholesale dealers, importers and exporters 
Agents, canvassers, and collectors 

Draftsmen 

Conductors (steam railroad) 

Bankers and bank officials 

Other owners, proprietors, and managers (6) 
Other clerical and kindred workers (7) 
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TABLE 3—Continued 





SOCIAL CLASS AND OCCUPATIONAL GROUP NUMBER OF WOMEN 





1900 I9g10 


Skilled Laborers 6,136 5,606 
Carpenters 625 493 
Brick and stone masons 58 
Other skilled laborers in building trades 57 
Machinists, millwrights, and tool makers 706 
Foremen and overseers 
Plumbers and gas and steam fitters 
Blacksmiths, forgemen, and hammermen 
Semi-skilled operatives (n.o.s) (8) in mfg. industry... 

Painters, glaziers, varnishers, enamelers, etc 
Locomotive engineers and firemen (steam railroad)... 
Engineers (stationary), cranemen, hoistmen, etc. .... 
Brakemen, switchmen, flagmen, and yardmen 
Electricians 

Conductors and motormen (street railroad) 
Compositors, linotypers, typesetters, etc. (9) 

Barbers and hair dressers 

Other skilled workers (10) 

Other semi-skilled workers (11) 





Unskilled Laborers 
Draymen, teamsters, expressmen, and carriage and 
hack drivers 
Laborers (building, general, and not specified) 1,048 241 
Laborers (n.o.s.) (8) in manufacturing industries.... 179 298 
Laborers engaged in transportation 105 67 
Other laborers (12) 406 438 


Total from Rural Districts 6,990 11,247 
Farm owners 3,065 4,649 
Farm renters 2,787 4,911 
Farm laborers 1,138 1,687 





(1) The 1910 professional sample was obtained from three times as many 
schedule pages as those for the other urban classes. In computation of birth 
rates for the total urban class of 1910, the professional sample is therefore 
given one-third its actual weight. 


(2) Includes: Veterinary surgeons and osteopaths. 


(3) Includes: Civil engineers and surveyors, electrical, mechanical, and mining 
engineers. 


(4) Includes: College presidents and teachers of dancing. 


(5) Includes: Artists, chemists, assayers and metallurgists, designers, and other 
professional persons. 
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known that “social class” is a nebulous concept. Young individuals who 
are unskilled laborers at the time of one enumeration may rise into the 
ranks of skilled, business, or even professional classes in later enumer- 
ations. It is believed, however, that within each class there are sufficient 
similarities with reference to education, income, and general standards of 
living to warrant classification, and that regardless of “overlapping” 
the classes are more or less self-contained entities. The occupations 
included in the different social classes of the 1900 and 1910 samples and | 
the number of cases in each occupation are given in Table 3. While 
evidence might be adduced to indicate that a few occupations were not 
allocated correctly, the numbers included in such doubtful cases are 
relatively small and unimportant. The classification of the rural wives 
into the three groups, farm owners, farm renters, and farm laborers, 
was much simpler inasmuch as each of these classes contained no sub- 
divisions and the basic data could be tabulated directly from the census 
schedules. 





(6) Includes: Managers and operators engaged in transportation and extraction 
of minerals, etc. 


(7) Includes: Baggagemen and freight agents; ticket, station, and express agents; 
express messengers and railway mail clerks; mail carriers; telegraph and tele- 
phone operators; floorwalkers, decorators, milliners, inspectors, gaugers and 
samplers ; musicians and teachers of music; semi-professional pursuits; actors 
and showmen; housekeepers and stewards; auctioneers; trained nurses; ab- 
stractors; healers; officials of lodges and societies; and stenographers and 
typists. 


(8) Not otherwise specified. 


(9) Electrotypers, stereotypers, lithographers, pressmen and plate printers are 
also included. 


(10) Includes: Bakers; boilermakers; engravers; jewelers, watchmakers, gold- 
smiths, and silversmiths; mechanics; moulders, founders, and casters (of 
metal) ; pattern and model makers; tailors; tinsmiths and coppersmiths ; other 
skilled workers in non-precious metal; proprietors and managers of garages, 
transfer companies, and livery stables; inspectors (transportation) ; firemen 
(fire department) ; policemen; photographers ; detectives, sheriffs, and keepers 
of institutions; and cooks. 


(11) Includes: Mine, quarry, and oil and gas well operatives; filers, grinders, 
buffers, and polishers (metal) ; chauffeurs; telegraph and telephone linemen; 
other semi-skilled operatives engaged in transportation industries; boarding 
and lodging house keepers; launderers, and laundry operatives; waiters and 
bartenders. 


Includes: Firemen (except locomotive and fire department) ; laborers in coal 
and lumber yards, warehouses and stores; laborers in public service; boot- 
blacks, cleaners, janitors and sextons, elevator tenders; other laborers in 
domestic and personal service; guards, watchmen, doorkeepers, and guides 
(public service). 
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als who The percentage age distributions of the wives under 45 years of age 
into the are graphically illustrated in Figure 1. As a group, the wives of men 
enumer- of professional status were older than those of the other urban classes. 
ufficient In the rural classes, the wives of the farm owners constituted the oldest 
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SOCIAL CLASS 1900 1910 
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group, the farm renters were intermediate and the wives of farm 
laborers were much younger than those of any other social class, rural 
or urban. The median ages presented in Table 4 indicate that whereas 
there are distinct differences between the average ages of certain social 
classes, little change was manifested from 1900 to 1910 in any group. 


CORRECTION FOR AGE 


In this paper 1900-1910 trends of the net fertility of various social 
classes are considered. The birth rate of a class is influenced by many 
variables such as age, age at marriage, fecundity, and by an intricate 
complex of factors inherent in the interests, culture, and mode of life 
characteristic of the group. Various students have attempted to control 
certain of these factors in order to ascertain their relative importance. 
In this study, however, the composite rather than the separate effects of 
these factors is investigated for each social class. 

Since the age of the wife determines the length of exposure to 
biological and environmental conditioners of fertility, however, it is 
only when age is held constant that fertility differences emerge which 
can be attributed to inherent characteristics of the specific social classes. 
Unless the age factor is considered, true differences between the fertility 
rates of farm owners and farm laborers, for instance, are concealed by 
virtue of the older age composition of the former class. 

Age at marriage also determines the length of exposure to risk of 
childbirth, but this factor itself is one of the social conditioners of 
fertility and as such has not been held constant. 

The fertility index used in this study is the number of children 
ever born per 100 wives. Such a rate may be regarded as cumulative 
in the sense that it is an index of the total past fertility of the women 
considered as distinguished from a current rate based upon the annual 
number of births. 

The differences in the age composition of the various social classes 
are met by two statistical methods. The first is that of computing age- 
specific rates which afford valid comparisons of the fertility of women 
in different social classes but in the same age groups. The other device 
is that of applying a common age standard to the age-specific rates and 
deriving thereby a total rate standardized for age for each social class.” 


* The standard used is the age distribution of the total sample secured from the 
1910 Census schedules. It is not, therefore, limited to the East North Central 
States. See (a), Appendix. 
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of farm—} The total rates standardized for age are indices of the fertility which 
lass, rural’ one might expect if the wives of the different social classes had the 
it whereas | same age distribution. 

tain social 

group. 


RURAL AND URBAN RATES 


The age specific rates, children born per 100 wives are presented in 
Table 5 for the total rural and urban classes of 1900 and 1910. The 
corresponding rates standardized for age are given in Table 8. Two 
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de of life TABLE 5 
to control Children Born per 100 Wives and Basic Data by Age of Wife at the 1900 
\portance. and 1910 Censuses for Urban and Rural Areas 
effects of CHILDREN BORN PER I00 WIVES 
Urban Rural 
0Sure to AGE OF WIFE 1900 1910 1900 
™ = 9 Total under 45.. 168 a71 
ge which 54 
il classes. oI 
e fertility 134 
cealed by 178 
222 
> risk of 266 
oners of CHILDREN BORN 
21,427 * 18,921 
children 189 184 
mulative 2,091 1,499 
2 women 4,279 2,919 
e annual 5,007 4,253 
5,074 4,884 
1 classes 4,787 -— 
é WIVES 
ing age- 
" women 12,737 * 6,990 
‘r device 353 288 
ates and — a 
10 9203 1,4 
| class. 2,808 sane 
2,287 1,339 





* Cf. Footnote 1, Table 3. 
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the first place, as early as 1900 the rural fertility rates were much 
higher than were those for the urban group. This was true for women 
of all ages but the differences were small among the younger wives. 
The accentuation of these differences with increasing age suggests the 
greater prevalence of large families in rural homes than in the homes 
of the city. 

In the second place, whereas the urban rate declined considerably 
during the 1900-1910 interval, the change in the rural rate was less 
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important. The rural-urban difference of fertility rates was therefore 
accentuated during the decade. The total rural rate standardized for 
age was 270 in 1900 and 262 in 1910, and that for the total urban 
centers fell from 193 in 1900 to 173 in 1910. The decline in the rural 
rate was only 3 per cent during the decennium, while the urban rate 
decreased by approximately 10 per cent. In 1900 the rural rate was 40 
per cent higher than the urban rate; in 1910 it was about 51 per cent 
higher. 

The fall in the urban birth rate during the ten years under consider- 
ation was due in large part to the declining fertility of women in the 
higher orders of ages. There was no decline whatsvever in the rate 
for women under 20 years of age. The rates for women 20-24 years of 
age were also practically the same in 1900 and 1910 and those for 
women 25-29 were little different. It would seem that the decadal 
decrease in fertility came about by virtue of the dwindling proportion 
of large families.” 


RATES BY SOCIAL CLASS 


In 1900 the birth rates of the urban group were much more clearly 
differentiated by social class than those of the rural population. The 
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“This is also indicated by a recent investigation in which the trends in the size 
of families from 1890 to 1910 were studied by comparing the families of women 
40 to 44 years of age in 1910 with those of women 60 to 64. Large families became 
less frequent in each social class. During the interval there were increasing pro- 
portions of women who bore less than two children and decreasing proportions who 
bore five or more children. See (e), Appendix. 
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four urban classes fell into three fertility groups since there was little 
difference in the rates of professional and business classes, Table 6 and 
Figure 3. The two latter, the white collar classes, comprised the lowest 
fertility group, the skilled workers stood intermediate in position, and 
the unskilled laborers were the most fertile urban dwellers. 


TABLE 6 


Children Born per 100 Wives and Basic Data by Age of Wife at the 1900 
and 1910 Censuses for Each Urban Class 





CHILDREN BORN PER I00 WIVES 


, e Skilled Unskilled 
AGE OF WIFE Professional Business ‘Wlachene apr eanens 








1900 I910 1900 1910 1900 I910 1900 I910 





Total under 45.... 138 196 179 251 
62 


154 


186 271 
231 323 
CHILDREN BORN 








7,540 12,004 10,178 


30 85 110 
490 1,167 ‘1,199 
1,358 2,344 2,274 
1,762 2,777. 2,401 
1,930 2,819 2,207 
1,970 2,812 1,987 


WIVES 








5,080 6,136 5,606 2,182 


77 IQI 116 

720 = ‘1,239 419 

1,055 1,210 1,518 501 
1,089 1,180 1,277 418 
045 1,040 1,04! 408 
803 853 870 320 





* Rates based on fewer than 100 cases are not shown. 
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In the rural population, Table 7 and Figure 3, the rates for the farm 
owners, farm renters, and farm laborers were not so divergent as are 
those for urban classes. The small differences and the fact that the 
curves cross each other attest the generally undifferentiated nature of 
the rural rates in 1900. The rates for the farm owners, 35 years of age 
and over, however, are probably significantly lower than those for the 
farm renters and farm laborers of the same age groups, and the total 


TABLE 7 


Children Born per 100 Wives and Basic Data by Age of Wife at the 1900 
and 1910 Censuses for Each Rural Class 





CHILDREN BORN PER 100 WIVES 
AGE OF WIFE Farm Owners Farm Renters Farm Laborers 
IQIO 1900 I9I0 1900 I910 











285 262 


* 65 
117 118 
198 198 
275 304 
318 384 
365 447 = 459 
CHILDREN BORN 








13,240 7,313 11,704 


15 70 121 
391 672 ~=+1,197 
1,483 1,360 2,542 
2,931 1,810 2,901 
3,773 1,855 2,622 
4,647 1,546 2,321 


WIVES 








4,649 4,911 


39 224 
335 1,102 
750 1,335 

1,066 1,031 
1,187 713 
1,272 506 





* Rates based on fewer than 100 cases are not shown. 
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rates standardized for age seem to indicate that a differentiation of the 
three rural classes was at least beginning to be manifested by 1900. 

It is interesting to note that although the fertility rates for the 
total rural group were much higher than those for the total urban in 
1900, the urban unskilled laborers were characterized by fertility rates 
much nearer to those of the rural classes than to those of the urban 


women. 
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The marked decline in the fertility of the total urban women and 
the slight decrease of the rates for the total rural women during the 
1900-1910 decade have already been described. In Figure 2, the age- 
specific rates for each social class in 1900 and Ig10 are presented. 
While the 1900-1910 differences do not appear to be large, the con- 
sistently lower rates of 1910 and the differences in the total rates 
standardized by age, tend to give significance to the declines as they 
are shown in graphs. The trends of the rates have not been uniform 
for specific social classes, however. The most significant changes in the 
urban classes during the 1900-1910 decade were the marked declines in 
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TABLE 8 


Standardized Cumulative Birth Rates for Each Urban and Rural 
Social Class in 1900 and 1910 





PER CENT 
DECLINE 





Urban Sample 10.4 
Professional 13.7 


Farm renters 
Farm laborers 


* Cf. Footnote 1, Table 3. 





the fertility of the professional and unskilled laboring classes. The 
proportionate decreases in the total rates standardized for age for 
specific urban classes were as follows: professional, 13.7 per cent; 
business, 8.3 per cent; skilled workers, 5.9 per cent; unskilled laborers, 
10.3 per cent. In the rural classes the decreases were: farm owners, 
5.7 per cent; farm renters, 3.6 per cent; but the rate for the farm 
laborers showed an anomalous increase of 8.8 per cent. 


The decrease in the fertility of the rural classes does not conform 
with reference to age to the pattern of the urban decline. The lack 
of more detailed statistics makes it impossible to account with any 
certainty for this difference. The absence of divergence with increas- 
ing age of the 1900-1910 rural rates may possibly be due to a greater 
frequency of passing from one social class to another. It is possible 
that farm laborers who advanced into the ranks of renters or owners 


during the decade tended to raise unduly the fertility rates of the owners 
and renters in 1910. Such a selective process might also account in 
part for the increase in rates of farm laborers if the individuals who 
remained in that class were excessively fertile. It is also conceivable 
that the rural-urban migration during the decade might have had the 
same effect upon the residue rural population. An adequate interpre- 
tation, however, would necessitate a further comprehension of the actual 
processes of cityward migration and of transference from one social 
class to another. 
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In considering the foregoing rates, it is necessary to keep in mind 
certain of their characteristics. In the first place, an unknown propor- 
tion of the wives included in the urban samples migrated to the city 
after all or part of their children were born. Doubtless there are others 
who migrated shortly before they were married. On the other hand, 
possibly a few of the women included in the rural samples really belong 
to the urban group. In a strict comparison of differences in fertility 
of rural and urban women, it would be desirable to eliminate rural 
wives from the urban samples and vice versa. No information was 
given on the original census schedules, however, which would make such 
corrections possible. The given rates represent differences which were 
found among samples of women actually residing in urban and rural 
districts at the time of the two enumerations, 1900 and IgI0. 

It is also necessary to remember that the rates given are simply for 
married women. They are not full measures of the extent to which 
various classes are reproducing themselves in that they do not take into 
account differences in the proportion of potential mothers who are 
married. 

In general, the changes of fertility which took place were in the 
direction of lower rates and added differentiations according to social 
class. The fertility of the professional class became dissociated from 
the other white collar workers although even in Ig10 the difference 
between the professional and business classes was less than that observed 
between other social classes. The urban unskilled laborers fell below 
the rural classes. There were also increasing differentiations within the 
rural group. At all ages and especially among women 25 years of age 
and over the age-specific rates for the farm laborers were higher than 
those for farm renters and farm owners. The age specific rates for the 
farm owners and farm renters were practically identical for women 
under 35 years of age, but among women 35 and over the rates of the 
farm owners were quite lower. 


APPENDIX I 


Previous Studies of Differential Fertility from the Division of Research, 
Milbank Memorial Fund 


(a) SyDENSTRICKER, Epcar, and NortesteIn, Frank W.: Differential fertility 
according to social class. Journal of the American Statistical Association, 
March, 1930. 

(b) Norestern, FRANK W.: Social classes and the birthrate. Survey Graphic, 
April, 1931. 
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A STUDY OF DENTAL CARIES IN PORTO 
RICAN CHILDREN 
BY HAROLD H. MITCHELL, M. D. 


Medical Associate, Research Division, American Child Health Association, 
New York City 





INTRODUCTION 


As there is considerable evidence that dental caries may be influ- 
enced by diet, we measured the frequency and extent of caries in the 
teeth of Porto Rican children and studied the relation of caries to socio- 
economic factors which we suspect may be associated with variations 
in diet. 

These measurements were made by three Porto Rican dentists ex- 
amining with fine explorers and mirrors in a good light. The accuracy 
of their observations was tested upon ninety-two cases by correlating 
the findings of each dentist against the other two dentists. These corre- 
lations ranged from .89 to .93. The number of carious first molars and 
the extent of the tooth destruction, filled and unfilled, was recorded and 
given relative score values according to the technic described in a recent 
research on dental caries by the American Child Health Association.’ 

This research has indicated the validity of these score values as an 
index of past liability to caries. Only caries of first molars is used 
because the research mentioned gave evidence that this measure of caries 
of these four teeth is adequate for determining the total caries tendencies 
of these age groups. It will be noted that this type of analysis only 
requires an index of total caries tendencies rather than a complete 
measure of all caries in individual mouths. Comparisons with children 
in Continental United States are based upon the American Child Health 
Association data (published and unpublished). The Continental mate- 
rial may be shown to be representative of white American born urban 
public school children. 


* Public Health Aspects of Dental Decay in Children. School Health Research 
Monograph Number III. Raymond Franzen, Ph.D., Director of Research, School 
Health Study, American Child Health Association. American Child Health Asso- 


ciation, New York City. 1930. 136 pages. 
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The analysis of the records definitely indicates a greater tendency 
for the development of caries in the urban children than in the poorest 
rural class of children. There is an indication that the more privileged 
socio-economic classes are not more immune to dental caries than the 
poorer classes but there is rather some tendency for the poorer children 
to manifest a greater immunity to caries. The rural “agregado” chil- 
dren—a very underprivileged social class—have as little or even less 
dental caries than the average native-born white child of Continental 
United States in spite of a total lack of dental service given these chil- 
dren and the considerable dental service rendered the Continental 
children. 


THE DATA 
Dental Caries in Urban and Rural Children 


There appears to be a greater prevalence of dental caries in the first 
molars of Porto Rican urban children than of rural “agregado” children. 
This comparison is made in Table 1 where the high scores mean much 
caries and the low scores little caries. 


TABLE 1 


Dental Caries in Urban and Rural Agregado Children—A Comparison of Average 
Unfilled Caries Scores in First Molars—1o-Year-Olds 





AVERAGE SCORES  sTANDARD NUMBER OF CASES 
Urban Rural DIFFERENCE Urban Rural 











11.48 8.24 4.9 189 113 
9.14 7.07 2.4 92 61 


11.31 7.99 5.0 182 89 
10.28 7.04 4.0 117 55 





* The racial classification is as follows: Race o represented the group judged to 
be entirely free from Negro characteristics. Race 1 represented the group judged 
with almost no doubt to be free from Negro influence on the basis of the way the 
features impressed the observer. With the slightest suspicion as to skin color, even 
though dark complexion might be explained as sun effect, the case was classified 
as Race 1. The slightest doubt as to features was distinguished as not white and 
scored with Race 1 or 2, according to the degree of suspicion. Race 2 included 
the cases with definite suspicion. Race 3 included the cases with at least one 
definitely negroid feature. Race 4 included cases definitely Negro, but suspected 
as not being full-blooded Negro. Race 5 was reserved for the cases that were 
judged to be full-blooded Negro. 
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As the Standard Differences are greater than three in all groups 
except the boys Race 1, it appears likely that in any similar sampling 
of Porto Rican children we would find more caries in the urban children 
than in the rural “agregado” children. 

The consistency of the tendency for urban and rural differences is 
further shown in Table 2, where the average unfilled caries scores are 
compared by children of urban home owning and home renting families 
and the rural children both “agregado” and “not agregado.” We find, 
then, all the rural groups have on the average less caries than any of 
the urban groups except one, also the “agregado” average is slightly less 
than the “not agregado” figure. 


TABLE 2 


Dental Caries in Urban and Rural Children by Racial and Socio-economic Groups 
A Comparison of Average Scores in First Molars—1o-Year-Olds 





URBAN 





Race 0 Race I 
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Average (Unfilled) Caries Scores 





11.66 11.18 8.66 9.97 8.94 8.24 8.57 
11.20 11.48 10.14 10.61 8.38 7.99 8.68 





Average Caries Corrected (Fillings) Scores 





89 1.04 1.19 .94 00 
53 1.27 43 61 12 





Average Enamel Destruction Scores (Combined Unfilled and Filled) 





12.55 12.22 9.85 10.91 8.94 8.24 8.57 
11.73 12.75 10.47 11.22 8.50 7.99 8.68 
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As practically no dentistry had been available for the rural children 
and the urban children showed sufficient fillings to affect the amount of 
caries to a definite degree, it appeared advisable to consider also cavities 
that had been filled as well as unfilled cavities. Such a comparison is 
made in Table 3. The average scores here represent the sum of the 
scores for fillings and for unfilled caries or the number and extent of 
the cavities and are a measure of the enamel destruction of the tooth by 
caries whether filled or not. 


TABLE 3 


Dental Caries in Urban and Rural Agregado Children—A Comparison of Enamel 
Destruction Scores in First Molars—1o-Year-Olds 





AVERAGE SCORES  sranDARD NUMBER OF CASES 
Urban Rural DIFFERENCE Urban’ Rural 











12.42 8.24 6.2 189 113 
10.24 7.07 3.4 92 61 


12.13 7.99 6.3 182 89 
10.70 7.04 4.6 117 55 





All these Standard Differences are greater than three and therefore 
we may conclude that in any similar sampling of Porto Rican children, 
we would find larger enamel destruction scores in urban than in rural 
children of the “agregado”’ class. 

It should be recognized that this comparison of average Enamel 
Destruction Scores may involve an error because of the difference in 
the number of fillings of the urban and rural children. The cavity 
preparation incident to fillings would generally cause the measure of 
caries to be larger than the same cavity was before filling but this effect 
is offset in some degree at least by the conservation effect of the filling 
in stopping the further extension of caries in the tooth filled. Evidence 
of this well recognized conservation effect is presented in Chapter III 
of the Monograph “Public Health Aspects of Dental Decay in Chil- 
dren” already mentioned. 

If the fillings had been made recently, then the conservation effect 
of the fillings would not be manifested and any extension of the cavity 
incidental to filling would tend to increase the enamel destruction scores. 
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Although no knowledge is available as to the time when the fillings were 
made, it seems reasonable to assume that all the urban children could 
not have had dentistry so recently that the conservation effect had not 
had time to influence the scores in a manner to hold back the extension 
of caries. The higher scores of the urban children when only unfilled 
caries is considered give a strong suggestion that a greater susceptibility 
to caries of the urban children has not been offset by a greater amount 
of dental service. 

The tendency for a high caries prevalence among the urban children 
was further tested by separating all the Caguas and San Juan children 
and determining their average enamel destruction scores by both race 
and sex groups. Table 4 shows that the average scores from both 
these cities are consistently high and there is not enough difference from 


TABLE 4 


Dental Caries in Urban Children—Average Enamel Destruction Scores in 
First Molars—1o-Y ear-Olds 





AVERAGE SCORES NUMBER OF CASES 





Boys Girls Boys 








Public Schools 
San Juan 12.82 
Caguas 13.00 

Private Schools 
Ponce 13.31 
Yauco 19.67 
Mayaguez 14.00 
San Juan 10.50 











Negroes— 
San Juan 13.56 10.71 11.10 10.06 10.48 10.71 
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the other urban figures to lead us to believe that the total average urban 
scores had been materially influenced by the condition of the children 
in these two cities. A high prevalence of caries in the San Juan chil- 
dren is also shown among the three Negro race groups distinguished as 
Races 3,4 and 5. The average enamel destruction scores of the Negroes 
is shown in Table 4. In the private schools of four cities among 10- 
year-old children, chiefly from the urban population, we determined the 
average enamel destruction scores, (Table 4). We found a similarly 
consistent tendency for a high caries prevalence. 

Although the averages for these groups are based on an inadequate 
sampling for conclusions as to the caries tendencies of the individual 
groups, the figures are generally valuable because of the consistent sup- 
port they give to our interpretation that some factor associated with 
urban conditions is concerned with a high dental caries prevalence. 


Socio-economic Status and Dental Caries 


Rural Children—As already noted Table 2 shows the average caries 
among rural children is slightly less for the “agregado” children than 
for the “not agregado” groups. This finding plus the high prevalence of 
caries found among the private school children suggested that there 
may be a greater susceptibility to caries among children of the better 


socio-economic groups. The urban children also show a slight difference 
in averages between the Race 0 and Race I groups with more caries 
in the former. As there was also a slight difference in the anthro- 
pometric traits of the two race groups distinguished as Races o and 1, 
which was suspected as being concerned with a socio-economic dis- 
tinction, we are inclined to consider this difference in average caries 
scores as of possible significance. If the effort to distinguish Races o 
and 1 involved a socio-economic distinction in favor of Race o chil- 
dren, then more caries among the Race 0 group would be consistent with 
the high caries prevalence among the private school children and the 
suspected difference between the “agregado” and “not agregado” groups. 

The correlations of caries scores of rural “agregado” children with 
several socio-economic variables were zero or showed no definite tend- 
ency. This finding corresponds with the lack of relation between the 
anthropometric traits and socio-economic variables which we suspect 
may be due to very little variation in important socio-economic dis- 
tinctions in this poor, underprivileged group. If susceptibility to caries 
is to some extent influenced by genetic factors, it is reasonable to expect 
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that other influences that may be associated with socio-economic vari- 
ables might be swamped by genetic factors when the socio-economic 
variation is small, or inaccurately distinguished, or not associated with 
important dietetic or other possible correlates. 

The rural “not agregado” group on the other hand shows correlations 
suggesting a definite tendency for children in the better economic classes 
as indicated by these socio-economic variables to have more caries than 
in the poorer economic classes. These correlations are shown in Table 5. 


TABLE 5 


Relation of Certain Socio-economic Factors to Dental Caries in First Molars 
Rural Children “Not Agregado” 





10-YEAR-OLDS 





CORRELATION OF Boys Girls 
IST MOLAR CARIES 
SCORES WITH: 








Economic Rating. . 

Persons per Room —.05 
Rooms in House.. .07 
Number of Cases 62 





Although these correlations are low, they are all so consistent with 
other data pointing to an interpretation that the higher socio-economic 
groups have the most caries that we are led to consider the relationship 
as probably significant. This interpretation is explained in the follow- 
ing paragraphs. 

The rating scale of rural socio-economic status? gives the highest 
scores to the children of the lower socio-economic groupings. Scores 
ranged from 4 to 8 according to the 13 class divisions. The negative 
correlations, therefore, indicate that the poorer economic groupings 
have the lower caries scores or less caries and the better economic classes 
have a tendency to be associated with the worst caries. It appears 


*A study of factors associated with the growth and nutrition of Porto Rican 
children. Harold H. Mitchell, M. D., Research Division, American Child Health 
Association. Human Biology. Vol. 4, No. 4, 1932, p. 503. 
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significant then that all these correlations are negative except with the 
10-year-old girls Race I. 

The number of persons per room reported by each child for his home 
gives us another criterion for differentiating the children on the basis 
of the relative crowding in their homes. Children from homes with few 
persons per room therefore would generally be of a higher socio- 
economic status and vice versa. It appears significant then that none 
of the correlations are positive and five out of the eight correlations are 
between —.15 and —.35. Such relationships appear to indicate that 
the children from homes with less crowding or better economic group- 
ings have a tendency to have more caries than children from the more 
crowded homes. 

The children from homes with a larger number of rooms in the 
house would generally be of the better socio-economic classes. The five 
positive correlations with the other correlations practically zero appear 
to indicate that children from the homes with a large number of rooms 
or better socio-economic class have a tendency to have more dental 
caries than children from the poorer socio-economic groupings with 
fewer rooms per house. 

The correlations of grade in school with dental caries are so low that 
their significance is questionable and therefore they were not included in 
the table. The three of these correlations, however, which are not as 
near zero as the others are positive which would be consistent with the 
other relations presented; i. e., the children farther advanced in school 
have more caries. 

Urban Children—The same tendency for more dental caries to be 
associated with the better economic classes was investigated further with 
urban children. As there were a number of urban children who had had 
dental service (fillings) it was necessary to make allowance for this 
influence upon the dental caries scores. It was found that the relation- 
ships of socio-economic status and dental caries were consistent with 
the other findings when allowance was made for the dental service by 
using the enamel destruction scores (combined corrected (filled) and 
uncorrected (unfilled) dental caries scores) instead of merely uncor- 
rected dental caries scores. These results are shown in Table 6. 

It may be seen that there appears to be a slight tendency for children 
from homes with the higher tax valuation to have more dental caries 
than is found for children from homes with the lower tax valuation. 
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TABLE 6 


Relation of Certain Socio-economic Factors to Enamel Destruction Scores 
10-Year-Old Urban Children 








CORRELATION OF 
ENAMEL DESTRUC- 
TION SCORES WITH: 








Property Valuation 

Monthly H. Rent 

Persons per Room 

Rooms in House.. ‘ ; ‘ 
Number of Cases 58 71 





The correlations with number of persons per room should be negative 
in order to be consistent with the tendency for the better economic group 
to have the most caries. We find these correlations also generally zero 
or very low but there are two negative correlations of —.14 and —.28 
which are suggestive of more caries among children from homes where 
there is the least crowding, or the better socio-economic groupings. 

The number of rooms in the house appears to show this tendency, 
slightly more marked as the correlations are higher with only one zero 
correlation (.03) and one —.14. 

Although these correlations are low the preponderance of the tend- 
ency is consistent with the other indications suggesting that children 
from the homes of better socio-economic status have more total caries 
(corrected and uncorrected) than children from the poorer homes. 

It must be recognized that these correlations involve the same pos- 
sible errors that may result from the use of enamel destruction scores 
as was explained under the discussion of urban and rural differences. 
Such possible error is not involved with the correlations computed for 
rural children because the fillings are negligible. We also found a 
definite relationship between the socio-economic variables and the pro- 
portion of caries corrected. Table 7 shows that this relationship indi- 
cates as might be expected that the more privileged socio-economic 
groups have the highest proportion of carious cavities filled. 
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TABLE 7 


Relation of Certain Socio-economic Factors to Proportion of Total Caries 
Corrected (Carious Cavities Filled)—10-Year-Old Urban Children 








CORRELATION OF 
ENAMEL DESTRUC- 
TION SCORES WITH: 








Property Valuation 

Monthly H. Rent : bea 66 
Persons per Room : ‘ —.31 
Number of Cases 58 34 





This relationship is probably not higher because of the tendency for 
little dental service among all classes including the well-to-do and 
because of the effect of free clinic services for the poor in some cities. 
Since the higher socio-economic status has the larger proportion of the 
carious cavities filled, we should expect this dental service might reduce 
the total amount of enamel destruction by holding back the extension 


of caries. Table 6, however, shows more the opposite tendency with 
the higher socio-economic status manifesting more enamel destruction, 
and when unfilled caries scores were correlated with two of the socio- 
economic variables we found no definite tendency. 

The tendency then seems to be in favor of a greater caries suscep- 
tibility among the children of more privileged socio-economic status and 
more immunity to caries among the poorer children. This inquiry we 
believe should be pursued further by using other socio-economic vari- 
ables and relating them to an appropriate index of non-carious teeth in 
order to avoid the effect of dentistry. 

We may conclude that the evidence of a tendency for the more well- 
to-do children to have more caries than poor children is sufficiently 
strong to warrant us to advise further study of so extraordinary a con- 
dition. School Health Research Monograph Number IV concerned 
with socio-economic correlates of health factors indicates from the inter- 
relation of eight socio-economic variables that children of the Conti- 
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nental United States show the opposite tendency.* Continental children 
of the more privileged socio-economic status have more immunity to 
dental caries than poorer children. That this tendency is well marked 
is shown by the multiple correlation of .53 between the eight socio- 
economic measures and the average number of non-carious first molars 
per mouth and a multiple correlation of .52 between the eight factors 
and the enamel destruction scores computed in the same manner as in 
our Porto Rico study. If further investigation shows this contrast with 
Continental conditions is really as clearly defined as we are led to believe 
from this study, it seems likely that research to determine the cause of 
this phenomenon might reveal valuable information contributory to the 
control of dental caries. 


DENTAL CARIES IN PORTO RICAN AND CONTINENTAL 
UNITED STATES CHILDREN 


As it is probable that quite different dietary conditions for children 
prevail in the United States, it is of interest to compare the teeth of 
Porto Rican children with those of children in Continental United 
States. Of course, dentistry on the Continent contributes considerably 
to conserving teeth from enamel destruction due to caries and, therefore, 
to the elimination of high scores for uncorrected caries. The average 
uncorrected dental caries scores for 10-year-old Continental children 
is as might be expected considerably less than the best scores in Porto 
Rico where little or no dental service is given; e. g., the average score 
for United States continental children is 4.5 which may be compared 
with the average unfilled caries scores for Porto Rico of from 7.04 to 
11.66 (as may be noted in Table 2). However, if we combine the 
uncorrected with the corrected dental caries score for continental 
children, we have a better index of total enamel destruction resulting 
from caries in continental children and we may then determine whether 
the continental children have much less enamel destruction than the 
Porto Rican “agregado” children who have no dental service. The 
comparable scores are as follows: 


* Influence of Social and Economic Factors on the Health of the School Child. 
School Health Research Monograph Number IV. Raymond Franzen, Ph.D., 
Director of Research, School Health Study, American Child Health Association ; 
American Child Health Association, New York City, 1932, 144 pages. 
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TABLE 8 


Comparison of Total Enamel Destruction in Children of Continental United States 
and Porto Rico—1o-Year-Olds 





GROUP ENAMEL DESTRUCTION SCORE 





Continental United States 
Both Sex Groups 8.11 
Porto Rico—Rural “Agregados” 
Boys—Race 0 8.24 
Race 1 7.07 
Girls—Race o 7.99 
Race I 7.04 





This comparison indicates that the rural “agregado” children in 
Porto Rico must have no greater tendency for loss of enamel structure 
than the average found in Continental United States in spite of the 
dental service received by continental children. Of course the combined 
scores for Continental children are increased somewhat by the extension 
of the surface area for the fillings but when we consider that none of 
these groups of rural “agregado” Porto Rican children showed evidence 
of a single filling and when we consider the similarity of these scores, 
we are impressed that there must be some tendency for the Porto Rican 
rural “agregado” children to have a certain tendency to immunity against 
dental caries that is not present in the urban Porto Rican children nor 
in some of the groups in Continental United States where caries is more 
prevalent than the average. On the other hand we find that the average 
enamel destruction scores for urban Porto Rican children shown in 
Tables 2, 3, and 4 are higher than the average found for Continental 
children. 

If we compare the average number of non-carious first molars per 
mouth of United States continental urban children with the various 
groups of Porto Rican children, we have an index of the resistance 
against caries for comparison that has not been affected by the greater 
amount of dental service available in the Continental United States. 
This comparison is shown in Table 9. 

The comparison indicates a definite tendency for rural “agregado” 
children to have more non-carious teeth and suggests a greater immunity 
to caries on the part of the rural “agregado” children from Porto Rico. 
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TABLE 9 


Comparison of the Average Number of First Molars That are Non-Carious in 
Children of Continental United States and Porto Rico—10-Year-Olds 








GROUP AVERAGE NUMBER 
Continental United States .66 
Porto Rico 
Urban—Race o 50 
Race 1 66 
Rural—Both Race Groups 
“Not Agregado” 74 
“Agregado” 90 





A SUMMARY OF THE FINDINGS 


1. There is a greater prevalence of dental caries in the first molars 
of Porto Rican urban children than is found in the rural “agregado” 
children. There is apparently a tendency in all urban Porto Rican chil- 
dren to have more dental caries than is common in rural children. 

2. Private school children show the same tendency to caries that the 
urban public school children show, and they have more caries than the 
rural “agregado” children. 

3. The study indicates a tendency for more caries in the better 
socio-economic groups than in the poorer groups. 

4. The generally poor rural “agregado” children of Porto Rico 
appear to have no more enamel destruction from dental caries than the 
average for Continental children. Urban Porto Rican children tend to 
have more caries than Continental children. The comparison of the 
average number of non-carious first molars per mouth of Porto Rican 
children with Continental children indicates a possible greater im- 
munity to caries in rural “agregado” children than in Continental 
children. 


THE CONTRIBUTIONS OF THIS STUDY POINT TO FURTHER RESEARCH 


Although the growth and development of Porto Rican children is 
apparently related to socio-economic conditions so that the private school 
children and those of the better socio-economic classes are larger in 
their skeletal frame and have larger musculature and greater amounts of 
subcutaneous tissue than the children of the less privileged socio- 
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economic classes, the better socio-economic status is associated with a 
greater tendency to dental caries and the poorest socio-economic group 
shows the least caries. This tendency of dental caries in Porto Rican 
children appears to operate in a reverse manner from that found among 
Continental United States children where there appears to be a greater 
immunity to dental caries among the more privileged socio-economic 
stratum than among the poorer children. All these findings appear to 
indicate that some influence is operative among the rural “agregado” 
children favoring a greater immunity to dental caries than exists among 
urban children and the children who appear to be favored with rela- 
tively larger growth and physical development. These findings are so 
striking and different from the expected association of sound teeth with 
good nutrition that the problem deserves further careful study and 
research. 

Various hypotheses have been considered as to the explanation of 
this phenomenon. Urban families may be more dependent upon the 
rice and bean diet so much preferred by all classes. Fruits and tropical 
vegetable products may be more commonly used among the poorer rural 
classes than is generally appreciated. The poverty of the rural “agre- 
gado” group may reasonably be expected to limit the rice, beans and 
lard that are consumed by those obtaining more cash wages. It seems 
unlikely that more exposure of rural children to sunshine is the expla- 
nation. Further information on the mineral and vitamin properties of 
tropical products may not only explain our findings but yield a valuable 
contribution to the problem of controlling dental caries. 


Note: The author wishes to acknowledge his indebtedness to the Director, 
George T. Palmer, Dr. P. H., and to the Staff of the Research Division of the 
American Child Health Association. In planning and analysis, Raymond Franzen, 
Ph.D., gave invaluable aid and advice, while the supervision of the statistical work 
was undertaken by Mayhew Derryberry who also contributed important advice and 
criticisms. 
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NOTES ON A FAMILY OF BREEDING GIBBONS 


BY HAROLD J. COOLIDGE, JR. 





A family of gibbons, Hylobates concolor leucogenys, was procured 
in Thakek, French Indo-China, by the Kelley-Roosevelts expedition of 
the Field Museum on July 6, 1929, and presented to the National Zoo- 
logical Park at Washington by Colonel Theodore Roosevelt and Harold 
J. Coolidge, Jr. 

The male was completely black except for prominent white side 
whiskers. He had an extremely friendly disposition, often putting his 
arms around the necks of the children in the village of Thakek. 

The female had light tan-colored fur with a rounded black patch 
above the forehead produced backwards in the median line. When the 
family was discovered her disposition was unusually disagreeable and 
she very soon bit through the hand of the boy who was feeding her. 
She was nursing a young male about four months old with markings 
essentially like those of the father. 

This gibbon family belonged for several years to the local adminis- 
trator in Thakek, who had bred them in semi-captivity. They came into 
the writer’s possession after the death of their owner. 

During the two months’ journey to Washington the baby was in a 
small cage along with its mother, and seldom ate solid food. He could 
only be fed with bananas or nuts when three pieces were put in the cage 
at once. The mother would immediately seize one piece in each hand, 
making it possible for the youngster to take the third piece. 

Every morning, about eight o’clock, while crossing the Pacific on the 
boat, the female would cry out loudly making her characteristic call— 
ho-a! ho-a! ho-a!, her voice rising in pitch and the succeeding cries 
increasing in rapidity on each repetition. The male in the next cage 
would answer her with a booming cry of two notes very much less ear- 
piercing, but with a peculiar carrying quality. According to Gerrit S. 
Miller, Jr., the second note of this cry was always slightly lower in pitch 
than the first. Also, the male had another call, suggesting the final notes 
of the mourning dove’s song, uttered with swelled throat and apparently 
with closed mouth. Neither animal ever used the other’s cry. Mr. 
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Miller says further that the only sound that the two animals appeared to 
use in common was a high-pitched, birdlike chirping uttered during 
copulation, and he heard this only once. It was apparently produced by 
both. At breakfast, during the trip across the Pacific, all the passengers 
on the boat would talk of a baby in the steerage whose crying could be 
heard every morning even in the far corners of the ship. 

On arrival in America, the gibbon family crossed the continent in 
an American Express car and the company thoughtfully telegraphed 
for fresh boiled rice to await them at each important station. The 
only damage they seem to have suffered from the five-day train journey 
was that the baby bit a piece out of its mother’s ear when passing 
through Chicago. 


Fic. 1. FEMALE Grpzon AND Younc at Rest, Ricut Sire View 
Note the clinging position of the baby. 
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When the family arrived at its destination, the National Zoological 
Park, on August 21, 1929, the young one was separated from his mother, 
and he lived an uneventful life until his death on January 31, 1931. Also 
on arrival, the adults were again placed together and remained in good 
health for more than a year. 


MANNER OF COPULATION OF GIBBONS 


Copulation was frequent. It has been thus described by Gerrit S. 
Miller, Jr., in manuscript notes that he has placed at my disposal. 


Fic. 2. FEMALE GIBBON AND YOUNG AT Rest, REAR VIEW 
Note the relative use of arms and legs in clinging to the mother. 
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January 9, 1930. Copulation of Hylobates leucogenys seen twice (December, 
1929; January 9, 1930). Both times the animals were hanging by their hands from 
the top bars of the cage. The female placed her feet on a lower support so as to 
raise her knees and cause her pelvis to sag and project backward. (A posture in- 
dicated in Smithsonian Scientific Series, Vol. 9, pl. 70, December 17, 1931). The 
male then swung himself up behind and curved his pelvis under hers. As soon as 
the male was in position the female let go with her left hand (left both times) 
and threw the left arm around the male’s neck and shoulders, thus pressing her 
body against his and aiding in every possible way the close adjustment made neces- 
sary by the male’s short penis. The pelvic strokes of the male were many (not 
counted, but seemingly much more numerous than in Macacus rhesus) but short 
and not very animated, with no obvious climax. The male’s penis retained its 
erection for about a minute after the animals separated (first time—not observed 
second time, but his position was not favorable). During the act both animals 
were silent, though the first time they had just finished one of their noisy duets. 
In neither instance did the male grasp the female in any way either with hand 
or foot. 

February 9, 1930. From 11.45 to 12.00 the gibbons were constantly engaged in 
sexual play, after a considerable period of rest. Complete copulation appeared io 
take place twice. Process exactly the same as previously observed, the female each 
time aiding adjustment by throwing her left arm behind the male’s neck and 
shoulder ; but there was never any grasping of either animal by the other. At the 
height of the excitement there was much chirping apparently by both, a sound not 
heard before, not very loud, and entirely different from the ordinary cries. During 
the play between the two copulations the male would invite the female by swinging 
past her and lightly tapping her with one hand. She would respond by following 
him, whereupon he would swing behind her and attempt to make adjustment. Once 
they experimented with the female standing half erect on the shelf at the back of 
the cage. The male clung to the bars with both hands and let his feet rest on the 
shelf. The adjustment was very poor and the attempt was soon abandoned. 


THE BEHAVIOR OF A BABY GIBBON 


On December 27, 1930, the mother gave birth to a baby. Again it 
was a male. Its first coat was whitish except for a fringe of black eye- 
brows. This event is the first recorded birth of a gibbon in Europe or 
America. The only other records, according to Yerkes and Yerkes, are 
the births of two gibbons reported by Ogilvie in March 1920 in Prae, 
Siam, and that of two reported by Robinson in the Rangoon Zoological 
Gardens in 1923 and 1924. Unfortunately, in the case that we are 
recording, no observations of parturition were made, but the following 
notes on mother and young were supplied by Mr. Blackburne, head 
keeper of the National Zoological Park: 


The baby gibbon was born on December 27, 1930. It was white in color, and a 
male. It did not cling to the mother’s breast as young monkeys usually do but 
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lay crosswise in her thighs. The mother, when she climbed about the cage, would 
draw up her hind legs and form a pocket and the young one lay crosswise with its 
fore legs on one side of the body and its hind legs on the other. When the mother 
would sit down the baby would take an upright position and nurse. The mother 
and baby seemed to be thriving nicely and the baby was growing rapidly. After 
two weeks it would venture a short distance from its mother on its own. At three 
weeks of age the young was noticed to be failing and both mother and baby had 
diarrhea. The baby died January 25, 1931. 


Fic. 3. FEMALE GIBBON AND YOUNG WHEN FEMALE Is BRACHIATING 
oR REACHING FOR Foop, Lert Swe View 
Note the position of the baby does not interfere with her locomotion. 
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After her sickness in January, the female recovered and remained 
in good condition until June, when she began to suffer again from 
diarrhea. This time the result was fatal. Both the adults died during 
July, 1931, the female on the 11th and the male on the 27th. After 
the death of the female the male, though apparently in good physical 
condition, refused food and wasted away until he died, showing great 
distress at the loss of his mate. The company of a spider monkey that 
was put in the cage with him did not help at all. 


Fic. 4. FEMALE GIBBON AND YOUNG AT REST 
The mother is annoyed with her baby and having grabbed it by the back of the 
neck has pulled it away from her body. The young animal is frightened 
by this treatment but is entirely helpless. 
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One of the most notable things about these gibbons was their extra- 
ordinary precision and codrdination of movement in timing the speed 
of moving objects in the air. I often noticed while watching the gibbon 
family that when a piece of fruit or food was thrown to one or the 
other from a distance, instead of reaching out and grabbing it quickly, 
the animal would reach out slowly and pick the object out of the air, 
never once failing to catch it. When recorded in a moving picture this 
unusually well-timed action gave all the appearance of slow motion. 

The same type of unhurried action appears in their ability to hurl 
themselves accurately through the air to “distances of thirty or even 
forty feet without evident difficulty or hesitation” (Yerkes). Martin 
describes a gibbon catching a live bird with one hand in mid-air while 
in passage between two branches. 

The four drawings in this paper were made by Mr. Arthur Johansen, staff 
artist in the Department of Biology of the School of Hygiene and Public Health 
of the Johns Hopkins University, from moving-picture photographs made in Indo- 
China by the author. 
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INsTITUT INTERNATIONAL DE STATISTIQUE; Bulletin de 1’. Tome XXV—1ére 
Livraison. Pp. xi+ 270. 7% X 10% inches. Tokyo, 1932. 

Kotier, S. Zunahme der Todesfalle an Kreislaufst6rungen und Krebs in Preus- 
sen. Westd. Aerzte-Zeitung, Jahrg. 22, p. 5, 1931. 

REGISTRAR-GENERAL’S Statistical Review of England and Wales for the Year 1931. 
(New Annual Series, No. 11). Tables. Part I. Medical. London (His 
Majesty’s Stationery Office), 1932. Pp. iii + 410. 6 X 9% inches. 6 shillings 
net (paper). 

REGISTRAR-GENERAL’S Statistical Review of England and Wales for the year 1931. 
(New Annual Series, No. 11). Tables. Part II. Civil. London (His 
Majesty’s Stationery Office), 1933. Pp. iv +120. 6 X 9% inches. 2 shillings 
net (paper). 

RicHARDSON, DENNETT L. Seventy-seventh annual report upon the births, mar- 
riages and deaths in the City of Providence for the year 1931. Providence, 
R. I. Pp. 28, 1932. 

Roeste, E. E. Die Aufgaben der Krebsstatistik. Krebsbekimpfung, Jahrbuch des 
Reichsausschusses fiir Krebsbekampfung, pp. 43-62, 1931/1932. 

Rogste, E. E. Die Geburts- und Sterblichkeitsverhaltnisse. Deutschlands Ge- 
sundheitsverhdltnisse unter dem Einfluss des Weltkrieges, edited by F. Bumm. 
Bd. 1, Gesundheitsverhéltnisse unter der Zivilbevilkerung wihrend der 
Kriegs- und Nachkriegszeit. Deutsche Verlags-Anstalt (Stuttgart) and Yale 
University Press, 1929. Pp. 61. 

Vianna, SAmparo. Annuario de Estatistica Demographo-Sanitaria. 1925-1926. 
Departmento Nacional de Saude Publica, Inspectoria de Demographia Sani- 
taria, Rio de Janeiro. Pp. iv +130. 7% X 10% inches. 10932. 

WieRL, Dorotruy G. Trends in mortality and life expectancy. Milbank Memorial 
Fund Quarterly Bulletin, Vol. XI, pp. 61-72, 1933. 


6. Morbidity and Epidemiology 


Fitzcrpson, Exvtiot. Malaria. The Governing Factor. London (C. W. Daniel 
Co.), 1932. Pp. 100. 5% X 7% inches. 5 shillings net. 
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HorrMAN, FrepericK L. Malaria in Florida, Georgia and Alabama. Newark 
(Prudential Press), 1932. Pp. 32. 

Kotter, Srecrriep. Kreislauferkrankungen und Kreislaufstérungen in den 
Vereinigten Staaten. Mitteilungen des Wissenschaftlichen Komitees sur Er- 
forschung und Bekimpfung der Kreislaufstérungen, Nr. 3, pp. 1-18, 1933. 

LeaGuE oF Nations, HEALTH ORGANISATION. Statistics of notifiable diseases for 
the year 1930. Published by the Health Section. Geneva, 1932. Pp. 104. 
9% X 12% inches. 

Smon, M. St. L. Diagrams and Sketches of Some Insect Vectors and Other 
Arthropoda Injurious to Man and Beast. For the Use of Students. Second 
Edition. London (Garrett and Campbell), 1932. 9 folding plates. 914 X 11% 
inches. 4 shillings. 

Wien, Dororny G., and Mary Gover. Epidemic of mild dysentery-like disease 
in Cattaraugus County, N. Y., summer of 1930. Public Health Reports, Vol. 
47, PP. 1419-1426, 1932. (Reprint No. 1539). 5 cents (paper). 


7. Natality, Fecundity, Fertility 


Herscu, L. La formule générale de la baisse du taux de la natalité en Suisse 
depuis le début du XXe siécle. Journal de Statistique et Revue économique 
suisse, 68¢ année, pp. 1-7, 1932. 

Herscu, L. Situation sociale et natalité d’aprés les statistiques de la ville de 
Paris. Comitato Italiano per lo Studio dei Problemi della Popolazione, Roma, 
1932. Anno X, pp. 15. 

Kiser, Clyne V. Fertility of social classes in various types of communities of the 
East North Central States in 1900. Journal of the American Statistical Asso- 
ciation, Vol. XX VII, pp. 371-382, 1932. [Bibliography of 10 titles]. 

NoTESTEIN, FRANK W. The relation of social status to the fertility of native- 
born married women in the United States. In Problems of Population, edited 
by G. H. L. F. Pitt-Rivers. London (Geo. Allen and Unwin), 1932. Pp. 
145-1609. 


8. Birth Control 


Latz, Leo J. The Rhythm of Sterility and Fertility in Women. A Discussion 
of the Physiological, Practical, and Ethical Aspects of the Discoveries of Drs. 
K. Ogino (Japan) and H. Knaus (Austria) Regarding the Periods When 
Conception Is Impossible and When Possible. Second Edition. Chicago (Latz 
Foundation), 1932. Pp. vii+ 108. 4 X 6 inches. $1.00. 

Peart, RaAyMOND. Preliminary notes on a codperativé investigation of family 
limitation. Milbank Memorial Fund Quarterly Bulletin, Vol. XI, pp. 37-60, 
1933. 

PearL, RAYMOND. Statistical report on the fifth year’s operations of the Bureau 
for Contraceptive Advice. Fifth Report of the Bureau for Contraceptive 
Advice, pp. 5-17, 1933. 

RreceL, Ropert E., and Lawrence Eacer. The birth control controversy. Cur- 
rent History, Vol. 36, pp. 563-568, 1932. 
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Stone, HANNAH M., and HENRIETTE Hart. Maternal health and contraception. 
A study of the social and medical data of 2,000 patients from the Maternal 
Health Center, Newark, N. J. Part I. Social data. Newark, N. J. Pp. a7. 
[No date]. 

Wuirtney, Leon F. Sex and Birth Control. New Haven (Leon F. Whitney), 
1932. Pp. 71. 4% X 7% inches. $1.50. 


9. Marriage and Divorce 


Hutton, Isaper E. The Sex Technique in Marriage. Foreword by Ira S. Wile. 
New York (Emerson Books, Inc.), 1932. Pp. 160. 5 X 7% inches. $2.00. 
Ray, X. Love. An Outspoken Guide to Happy Marriage. London (The C. W. 
Daniel Co.), 1932. Pp. 55. 4% 7% inches. 1 shilling net (paper); 2 

shillings net (cloth). 

SCHULTZE-NAUMBURG, BERNHARD. Handschrift und Ehe. Eine Lehre vom Zusam- 
menpassen der Charaktere, dargestellt an Handschriften aus Gegenwart und 
Geschichte. Munich (J. F. Lehmanns), 1932. Pp. 117. 6 X 8% inches. 4 
marks (paper) ; 5.50 marks (cloth). 


III. BEHAVIOR 
1. Racial Psychology 


Atverpes, F. The Psychology of Animals in Relation to Human Psychology. 
New York (Harcourt, Brace and Co.), 1932. Pp. viiit156. 5% X8Y% 
inches. $2.25. [Bibliography of 44 titles]. 

CHIweckeL, Maurice. Fakers, Old and New. A History of Cunning and Stu- 
pidity. Pp. iii+ 275. 5% X 7% inches. $2.00. 

EICHENAUER, RicHarp. Musik und Rasse. Munich (J. F. Lehmanns), 1932. 
Pp. 286. 6 X 8% inches. 7.50 marks (paper) ; 9 marks (cloth). 

RapciyFre, E. J.D. Magic and Mind. New York (The Macmillan Co.) ; London 
(A. and C. Black), 1932. Pp. 96. 4% X 7% inches. $1.00 (U. S. A.) ; 2s. 6d. 
net (England). 

Yerkes, Rosert M. Genetic aspects of grooming, a socially important primate be- 
havior pattern. Journal of Social Psychology, Vol. 4, pp. 3-25, 1933. [Bibli- 
ography of 7 titles]. 


2. Individual Psychology 


Bonp, C. J. On Certain Aspects of Human Biology. The University of Birming- 
ham, Faculty of Medicine, William Withering Lectures, 1932. Lecture II. On 
the Making of Use Acquirements; the Neuro-Psychic and Other Responses. 
London (H. K. Lewis and Co.), 1932. Pp. 44. 5% X 8% inches. 2s. 6d. net. 

Bostock, Joun. The Neural Energy Constant. A Study of the Bases of Con- 
sciousness. London (George Allen and Unwin), 1931. Pp. 178. 5% X7% 
inches. 6 shillings net. 

Davis, Roranp C. Ability in Social and Racial Classes. Some Physiological Cor- 
relates. New York (The Century Co.), 1932. Pp. xiv+114. 6 X 8% inches. 


$1.75. 
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Loucks, Rocer B. An appraisal of Pavlov’s systematization of behavior from the 
experimental standpoint. The Journal of Comparative Psychology, Vol. XV, 
pp. 1-45 +1 plate; 1933. [Bibliography of 11 titles]. 

NEWHALL, SipNey M., and Rosert R. Sears. Conditioning finger retraction to 
visual stimuli near the absolute threshold. Comparative Psychology Mono- 
graphs, Vol. 9, No. 3, Series No. 43. Baltimore (The Johns Hopkins Press), 
1933. Pp. 25. 6% X 10 inches. 75 cents (paper). 


3. Psychiatry 


CANNON, ALEXANDER, and EpMunp D. T. Hayes. The Principles and Practice of 
Psychiatry. London (William Heinemann), 1933. Pp. xvii + 437. 7% X 9% 
inches. 25 shillings net. 

KarPMAN, Ben. Case Studies in the Psychopathology of Crime. Volume One, 
Cases I-V. Washington (Mimeoform Press), 1933. 8%4 X 10% inches. Pp. 
x + 1042. $12.00 net. 

Rocer, Henri. Les Troubles du Sommeil. Hypersomnies, Insomnies, Parasomnies. 
Paris (Masson et Cie), 1932. Pp. 206. 5% X 7% inches. 20 francs (paper). 


4. History and Biography 


Bertotott1, Mario. La Critica Medica nella Storia, Alessandro Magno. Torino 
(Fratelli Bocca), no date. Pp. 413. 6% X 9% inches. Lire 56 (paper). 
[Bibliography of 17 pages]. 

Futon, J. F. A Bibliography of the Honourable Robert Boyle, Fellow of the 
Royal Society. Oxford Bibliographical Society Proceedings and Papers, Vol. 
III, Part I, pp. 1-172, 1932. 

Garrison, F. H. The literary tradition in English medicine. (With sidelights on 
medicina in English literature). Bulletin of the New York Academy of 
Medicine, Vol. VIII, pp. 535-557, 1932. 

Garrison, F. H. Medical geography and geographic medicine. Bulletin of the 
New York Academy of Medicine, Vol. VIII, pp. 593-612, 1932. 

GOLDENWEISER, ALEXANDER. History, Psychology and Culture. New York (AI- 
fred A. Knopf), 1933. Pp. xxiv + 475. 6% X 9% inches. $5.00 net. [Bibli- 
ography of 16% pages]. 

Gray, Lewis C., and EstHer K. THompson. History of Agriculture in the 
Southern United States to 1860. Volumes I and II. (With an Introductory 
Note by Henry C. Taylor). Carnegie Institution of Washington Publication 
No. 430. Washington (Carnegie Institution), 1933. Pp. xxviii-+ 1086. 
6% X 10% inches. $6.25 (paper) ; $7.25 (cloth). [Bibliography of 65 pages]. 

Hacstroem, K. -G. Les Préludes Antiques de la Théorie des Probabilités. 
Stockholm (C. E. Fritzes), 1932. Pp. 54+ 3 plates. 614 X 9% inches. 6 
kroner. 

Martin, Francesco. L’unita, la specificazione e la differenziazione delle scienze 
nella filosofia tradizionale. Rivista Internazionale di Scienze Sociali e Dis- 
cipline Ausiliarie, Anno XL, Ser. III, Vol. III, pp. 753-766, 1932. [Bibli- 
ography of 3 titles]. 
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Oakes, Henry N. A Brief Sketch of the Life and Works of Augustin Gattinger. 
Nashville, Tenn. (Cullom and Ghertner Co.), 1932. Pp. 152. 6 X 9% inches. 
$2.00. 


Pusey, WM. ALLEN. The History of Dermatology. Springfield, Ill. (Charles C 
Thomas), 1933. Pp. xiii+ 223. 534 X 8% inches. $3.00. 


5. Sociology, Law, Politics, and Religion 


Becx, James M. Is the power of Congress to enforce the Eighteenth Amend- 
ment discretionary? Speech before a Subcommittee of the Senate Judiciary 
Committee Saturday, January 7, 1933. Congressional Record, January 26, 
1933. Pp. (of reprint) 14. 

Boyte, Loutse D. The medical man. A new concept of human progress. World 
Unity, Vol. 11, pp. 203-301, 1933. 

CARNEGIE ENDOWMENT FOR INTERNATIONAL Peace. The Far Eastern Problem. 
Official Texts and Summary of the Lytton Report. Jnternational Conciliation, 
No. 286. January 1933. Pp. or. 5% X 7% inches. Worcester, Mass. 5 cents 
(paper). 

COMMONWEALTH Funp. Fourteenth annual report, for the year ending September 
30, 1932. New York. Pp. 79, 1932. 


Hires, Henry C. Some observations regarding the process of submission of con- 
stitutional amendments to conventions in the several states. With special 
reference to repeal of the Eighteenth Amendment. Pennsylvania Association 
Against the Prohibition Amendment. Pp. 5, 1932. 


NATIONAL ASSOCIATION FOR THE ADVANCEMENT OF COLORED PEoPLE. Twenty- 


second annual report. A summary of work and an accounting. New York, 
January, 1932. Pp. 54. 

ParLTHorPE, G. W. What We Put in Prison and in Preventive and Rescue Homes. 
London (Williams and Norgate), 1932. Pp. 159. 474 X 7% inches. 5 shillings 
net. [Bibliography of 20 titles]. 

PaLMER, A. MitcHELL. The method of ratification of constitutional amendments 
by conventions in the states, and particularly the power and duty of the Con- 
gress to create such conventions without action by state legislatures. Wash- 
ington, 1932. Pp. 109. 

PaLMER, A. MITCHELL. Supplemental Brief. The method of ratification of con- 
stitutional amendments by conventions in the states, and particularly the power 
and duty of the Congress to create such conventions without action by state 
legislatures. Washington, 1932. Pp. 27. 

PRESIDENTS RESEARCH COMMITTEE ON SocrAL TRENDS: Report of the. Recent 
Social Trends in the United States. (With a Foreword by Herbert Hoover). 
In two volumes. New York (McGraw-Hill Book Co.), 1933. Pp. xcv + 1568. 
6% X 9% inches. $10.00 (paper). 

PRESIDENTS RESEARCH COMMITTEE ON SOCIAL TRENDS. Review of findings. 
230 Park Avenue, New York. Pp. Ixxv, 1933. 
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SHaw, Ratpo M. Methods of ratification. Mr. Ralph M. Shaw analyzes the 
contentions of the Hon. A. Mitchell Palmer and the Hon. James M. Beck. 
Washington (Women’s Organization for National Prohibition Reform), 
1933. Pp. 7. 

SnHovuse, Jovetr. Annual report of the President of the Association Against the 
Prohibition Amendment for the year 1932. Washington, 1933. Pp. 22. 

Suouse, Jovetr. The status of Prohibition repeal. Washington (Association 
Against the Prohibition Amendment), 1933. Pp. 12. 

SoctaL ScreENcE ResearcH Councit. Eighth annual report 1931-1932. Pp. 47. 
230 Park Ave., New York. 

Waite, WALTER. The negro and the Supreme Court. Harper’s Magazine, Jan- 
uary 1931, pp. (of reprint) 11. 

Wuirte, WALTER. The negro and the communists. Harper’s Magazine, December, 
1931. Pp. (of reprint) 13. 

Waite, Wirit1am A. Crimes and Criminals. New York (Farrar and Rinehart), 
1933. Pp. viii+ 276. 5% X 8% inches. $2.50 net. 


6. Economics 


ARMSTRONG, Donatp B. A study of sickness cost and private medical practice. 
A paper read at the American Medical Association Meeting at New Orleans, 
La., May 13, 1932. Pp. 15. [No publisher or place of publication stated]. 

Arnovu, A., S. J. L’accroissement du pouvoir d’achat international. Rivista Inter- 
nasionale di Scienze Sociali e Discipline Ausiliarie, Anno XL, Ser. III, Vol. 
III, pp. 733-752, 1932. 

CARNEGIE ENDOWMENT FOR INTERNATIONAL Peace. Intergovernmental debts. 
Articles and texts. International Conciliation, No. 287, February, 1933. 
Worcester, Mass. Pp. 56. 

COMMITTEE ON THE Costs oF MEpIcaL Care. Surveys of organized medical serv- 
ice. Abstracts of five reports on organized facilities for the provision of 
medical care. Abstract of Publications No. 17 to 21. Washington (Committee 
on the Costs of Medical Care), 1932. Pp. 67. 

COMMITTEE ON THE GRADING OF NursING ScHoors. Nurses, Production, Educa- 
tion, Distribution, and Pay. Report by the Committee on the Grading of 
Nursing Schools, presenting a few of the outstanding findings from the two 
year study of nursing economics which it carried on in order to secure a fact 
basis for grading schools of nursing. 370 Seventh Avenue, New York. Pp. 
36. 6X Q inches. 25 cents (paper). 

Cox, Eucene A. America stands alone. An appraisal of the troubled world scene. 
Lewiston (Idaho) Morning Tribune, January 20, 1933. Pp. (of reprint) 1. 
Epstein, ABRAHAM. How real was our prosperity? Current History, Vol. 36, 

PP. 550-556, 1932. 

Macc1, RAFFAELLO. Marina e protezionismo marittimo negli Stati Uniti d’America. 
Rivista Internazionale di Scienze Sociali e Discipline Ausiliarie, Anno XL, Ser. 
III, Vol. III, pp. 767-819, 1932. 

Miner, JoHN R. The cost of biological books in 1932. Quarterly Review of 
Biology, Vol. VII, pp. 498-99, 1932. 
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Mortara, Grorcio. Problemi economici dell’ora presente. Giornale degli Econo- 
misti e Rivista di Statistica. December, 1932. Pp. (of reprint) 30. 

Reep, Louis S. The ability to pay for medical care. An abstract of a report 
published for the Committee on the Costs of Medical Care by the University of 
Chicago Press. Abstract of Publication No. 25. Washington (Committee 
on the Costs of Medical Care), 1933. Pp. 16. 

TWENTIETH CENTURY FuNpD, Inc. Annual Report 1931. Pp. 51. New York, 1932. 

U. S. DEPARTMENT oF Lasor, CHILDREN’S BuREAU, and U. S. DEPARTMENT OF 
AGRICULTURE, BurEAU oF Home Economics. Family food budgets for the 
use of relief agencies. Washington (U. S. Government Printing Office), 1932. 
Pp. 7. 3% X 8% inches. 

WiuuiaMs, Pierce. The purchase of medical care through fixed periodic payments. 
An abstract of a report of the same title published by the National Bureau of 
Economic Research, Inc. Abstract Number C2. Committee on the Costs of 
Medical Care, Washington. Pp. 18. 6 XQ inches. 1932. 


7. Education 


Dark, RicHarD, and THomas Derrick. The Hilarious Universe. Being Angela’s 
Guide to Einstein—and That Crush. Oxford (Basil Blackwell), 1932. Pp. 
130. 43% X 7% inches. 4s. 6d. net. 

Scuuttz, Oscar T. Possibilities and Need for Development of Legal Medicine 
in the United States. With Supplement on University Departments in the 
Field of Criminology. Prepared for the National Research Council Committee 
on Medicolegal Problems. Bulletin of the National Research Council Number 
87. Washington (National Research Council), 1932. Pp. ix + 135. 6% X 90% 
inches. $1.50 (paper). [Bibliography of 80 titles]. 


8. Ethnology, Cultural Anthropology, Travel and Exploration 


Bossom, Frepertck A., Edited by. Told at the Explorers Club. True Tales of 
Modern Exploration. New York (Albert and Charles Boni), 1931. Pp. 
x + 425. 5% X9Q inches. $3.50. 

Coo.tipceE, Harotp J., Jr., and THeoporE Roosevett. Three Kingdoms of Indo- 
China. New York (Thomas Y. Crowell Co.), 1933. Pp. 331. 534 X 8% 
inches. $3.00. 

Coon, Carteton S. Flesh of the Wild Ox. A Riffian Chronicle of High Valleys 
and Long Rifles. With a Foreword by Earnest A. Hooton. New York 
(William Morrow and Co.), 1932. Pp. xi +339. 5% X 8 inches. $2.75. 

MauLt, Otto. Anthropogeographie. Berlin (Walter de Gruyter und Co.), 1932. 
Pp. 136. 4 X 6% inches. 1.62 marks. 

Sutton, RicHarp L., Ricwarp L., Jr., and Emmy Lov. An Arctic Safari. With 

Camera and Rifle in the Land of the Midnight Sun. St. Louis (C. V. Mosby 

Co.), 1932. Pp. 199. 6X9 inches. $2.25. [Bibliography of 9 titles]. 
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IV. SOMATOLOGY AND CONSTITUTION 
1. Anatomy 


CARNEGIE INSTITUTION OF WASHINGTON. Annual report of the Director of the 
Department of Embryology. Year Book No. 31, for the year 1931-32, pp. 3-33, 
1932. [Bibliography of 90 titles]. 

Lucien, Maurice, and HENRI VERMELIN. L’Oeuf Humain et ses Annexes. Paris 
(Gaston Doin et Cie), 1933. Pp. 157. 6% X 9% inches. 35 francs (paper). 

ScHAFFER, Joser. Lehrbuch der Histologie und Histogenese. Dritte, Neubear- 
beitete Auflage. Leipzig (Wilhelm Engelmann), 1933. Pp. viii + 576. 
6% X 9% inches. 18 marks (paper) ; 20 marks (cloth). [Bibliography of 32 
pages]. 

WEISSENBERG, RicHarp. Grundziige der Entwicklungsgeschichte des Menschen in 
vergleichender Darstellung. 13., neubearbeitete Auflage. Begriindet von L. 
Michaelis. Leipzig (Georg Thieme), 1933. Pp. xviii + 448+ 6 plates. 13.50 
marks. 


2. Physical Anthropology and Anthropometry 


BIEDERMANN, Ernst. K6rperform und Leistung sechzehnjahriger Lehrlinge und 
Mittelschiiler von Ziirich. Archiv der Julius Klaus-Stiftung fiir V ererbungs- 
forschung, Sozialanthropologie und Rassenhygiene, Band VII, pp. 299-382, 
1932. [Bibliography of 57 titles]. 

DaveNPorT, CHARLES B. The growth of the human foot. American Journal of 
Physical Anthropology, Vol. XVII, pp. 167-211, 1932. [Bibliography of 36 
titles]. 

Kotter, S. Statistische Untersuchungen tiber das Herzgewicht an Hand der Pro- 
tokolle des pathologisch-anatomischen Instituts der Universitat Frankfurt a. M. 
Westd. Aerzte-Zettung, Jahrg. 22, p. 5, 1931. 

Roess_Le, Rosert, and FrépEric Routet. Mass und Zahl in der Pathologie. Berlin 
and Vienna (Julius Springer), 1932. Pp. vii+ 144. 6% X 9% inches. 16 
marks (paper); 17.40 marks (cloth). [Bibliography of 4 pages]. 

SCHLAGINHAUFEN, Otto. Die anthropologische Untersuchung an den schweizer- 
ischen Stellungspflichtigen. Bulletin der Schweiserischen Gesellschaft fiir 
Anthropologie und Ethnologie, 9. Jahrg., pp. (of reprint) 5, 1932/33. 

SCHLAGINHAUFEN, Otto. Beobachtungen iiber die Handform bei Schweizern. 
Bulletin der Schweizerischen Gesellschaft fiir Anthropologie und Ethnologie, 
9. Jahrg., pp. 29-59, 1932/33. [Bibliography of 8 titles]. 

SprRECHER, HernricH. Morphologische Untersuchungen an der Fibula des Men- 
schen unter Beriicksichtigung anderer Primaten. Zurich (Orell Fiissli), 1932. 
Pp. 162+ 14 plates. 634 X 9% inches. (paper). [Bibliography of 99 titles]. 


3. Constitution 


BENEDETTI, PIERO. Uber die Konstitutionstypenbestimmung mittelst anthropome- 
trischer Indices. Zeitschrift fiir Konstitutionslehre, Band 17, pp. 180-198, 1932. 
[Bibliography of 29 titles]. 

BENEDETTI, Prero. Das Problem der Disposition zur Krebskrankheit. Zeitschrift 

fiir Konstitutionslehre, Band 16, pp. 261-290, 1931. [Bibliography of 76 titles]. 
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V. PHYSIOLOGY AND BIOCHEMISTRY 
1. Physiology 


ALLEN, Epcar, Edited by. Sex and Internal Secretions. A Survey of Recent Re- 
search. Contributors: Edgar Allen, C. B. Bridges, C. H. Danforth, E. A. 
Doisy, L. V. Domm, E. T. Engle, R. G. Gustavson, C. G. Hartman, F. L. 
Hisaw, Mary Juhn, F. C. Koch, F. R. Lillie, C. R. Moore, J. P. Pratt, Oscar 
Riddle, A. E. Severinghaus, P. E. Smith, C. P. Stone, C. A. Turner, B. H. 
Willier, Emil Witschi. With a Foreword by Robert M. Yerkes. Baltimore 
(The Williams and Wilkins Co.), 1932. Pp. xxii-++ 951. 6 X 9 inches. $10.00. 
[Bibliography at the end of each chapter]. 

BAttnt, Rupoir, and STEFAN Wess. Tissue Proliferation and Acid Base Equi- 
librium. With a Foreword by Baron A. von Koranyi. Translated by F. 
Morena with the assistance of G. C. Pether. London (Constable and Co.), 
1932. Pp. ix+ 211. 6 X 9% inches. 18 shillings net. [Bibliography of 9 
pages]. 

BerKsSoNn, JosEPH, Epwarp J. BaALpes, and WALTER C. ALVAREZ. Electromyo- 
graphic studies of the gastro-intestinal tract. 1. The correlation between 
mechanical movement and changes in electrical potential during rhythmic con- 
traction of the intestine. American Journal of Physiology, Vol. 102, pp. 683- 
692, 1932. [Bibliography of 4 titles]. 

Coss, Ivo G. The Organs of Internal Secretion. Their Diseases and Therapeutic 
Application. With a Chapter on Obesity and its Treatment. Fourth Edition. 
Baltimore (William Wood and Co.), 1933. Pp. xiii+ 303. 5% X 8% inches. 
$3.50. [Bibliography of 56 titles]. 

EacLeton, WEtts P. Clinical studies in vestibular and auditory tests in intra- 
cranial surgery (second paper). The relationship between the vestibular ap- 
paratus and lesions of the cerebellum from the evolutionary and developmental 
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